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PUBLIC NOTICES 





THAM AND STEEPING RIVERS 
CATCHMENT BOARD 


prpOINTMENT OF CHIEF ASSISTANT 
ENGINEER 
















plications are Invited for 
the APPOINTMENT of CHIEF ASSIS- 
1T ENGINEER to the Board, at a salary of 
£500 per annum, according to experience. 
didates should be Corporate Members of the 
jtution of Civil Engineers and have had 
siderable experience in Main River and Land 
jnage Work, and also have knowledge of 
hment Board administration in general. 
he successful candidate must provide his own 
s of transport, for which allowance will be 
he on the Board’s scale. 
plications, with three testimonials, should 
h the undersigned not later than November 
uA 1941. 





F. H. TOMES, 
A.M. Inst. C.E., M. Inst. W.E., 
Engineer to the Board. 
, Wide Borgata, 
Boston, Lin 


October 27th, 1941. 7891 





SITUATIONS OPEN 





PIES OF ‘TESTIMONIALS, Nor ORIGINALS, 
UNLESS SPECIFICALLY REQUESTED. 





ADVERTISERS UNDER BOX NUMBERS 
IN SITUATIONS OPEN SECTION. 


r the benefit of applicants, the Proprietors 
prepared to insert brief notices that vacancies 
Tiled, upon receipt of notifications from the 
ertisers. These notices (limited to one line) 
be free of charge, and co-operation is 
d for. 





IMPORTANT 


rtisers in Situations Open Column 

uid make themselves acquainted with 

terms of 

STATUTORY RULES & ORDERS 
1940 No. 877 

(TION ON ENGAGEMENT ORDER 












Che Engineer 


PRINCIPAL CONTENTS OF THIS ISSUE 
ARRANGED FOR CARD INDEXING 
(TABLE OF CONTENTS, PAGE 294) 


— 


Historic Accidents and Disasters 
No. VIII «. 286) 


THE ENGINEER, 31 - 10 - 4] 





Underground Railways at Chicago 
No. II @. 288) 
THE ENGINEER, 31 - 10'- 41 


Probability Graph Paper and its Engineering 
{ Applications—No. II «. 296) 
(H. RISSIK) THE ENGINEER, 31 - 10 - 41 


The Locomotive in Mechanical 
Engineering @. 290) 

(W. A. STANIER) THE ENGINEER, 31 - 10 - 41 
Future of the Tinplate Trade v. 294) 


THE ENGINEER, 31 - 10 - 41 


Fuel and the Government .. 294) 
THE ENGINEER, 31 - 10 - 41 


The Compass and Other Aids to 
Navigation (P. 300) 
THE ENGINEER, 31 - 10 - 41 





(F. C. STEWART) 




















SITUATIONS WANTED 





C7 ENGINEER and MAINTENANCE 
J MANAGER (46) SEEKS EXECUTIVE 
APPOINTMENT with a _ progressive concern. 
Has held present ition 18 years in the largest 
wire works in Britain, and has been responsible 
for the design and ‘construction of extensive 
works developments ; wide experience 
in the management of large building, mechanical 
and electrical departments, and in the analysis 
and presentation of costs and other data, apper- 
taining to factory organisation. Alive to war 

and post-war problems. Changing for oamaual 
reasons and with the goodwill of present 
employers. Highest references.—Address, P3613, 





The Engineer Office. P3613 B 
XPERIENCED Mn A.M.LC.E., 
M.L.M.E., DESIRES APPOINTMENT dura- 
tion of war. it experience, railway engi- 
neering, earthworks, large factories.—Address, 
92, The Engineer Office. 





the Man You Are Seeking is Not Amongst 

those Advertising in this Column, a Small 
Announcement in the ‘‘ Situations Open” 
Column will Quickly and Economically Produce 
the Right Selection of Applicants, at the same 
time Eliminating Waste of Effort, Waste of 
Time, and Waste of yy emmy. The charge is 
Four Lines or under, 4s.; each Additional Line, 
1s.; Box Numbers, 6d. extra, which includes 
despatch of all replies. 





“ ENGINEER SEEKS RESPONSIBLE 
l OST. Used to handling labour. Last 
position asst. to chief engineer, M.S. factory. 
Age 35.—Address, P3632, The Engineer e's 





AY I. Mece. E. WOULD REPRESENT or 
:¥i.- LOOK AFTER INTERESTS in_ the 
Midlands, with Birmingham as centre. Good 
general and foundry exp. and own car and 
facilities.—Address, P3614, The as Office. 





MISCELLANEOUS 





HEMICALS.—FIRM of INDUSTRIAL MANU 
FACTURING CHEMISTS is willing to CON- 
SIDER SUGGESTIONS for the MANUFACTURE 
and/or SALE of CHEMICAL PRODUCTS used in 
the engineering, 5 a paint, &c., industries.— 
Address, 7873, Engineer Office. 7873 1 









ANTED, Competent MANAGER to Take 
Charge of Shell Production Plant. State 
rience and salary required._-Address, 7885, 
Engineer Office. 7885 A 






ASH & DUST SLUICING 
BABCOCK & WILCOX LTD. 


HYDROJE 












\GINEER REQUIRED by Well-known Indus- 
trial Consultants engaged on work of 
onal abo pes gre for permanent staff. First- 
and technical education, executive 

rience and knowledge of modern Manufac- 
ng Methods are essential. Age 30-40. 
y £800, rising to £1800 p.a. Full details 
ding positions held and delartes earned, in 
fidence.—-Address, 7888, The ee 


















NGINEER, with Good Qualifications and 
practical experience to manage‘and take 
As ye A apes gran 4 and maintenance of a 

and beer od plant. Appl 

Lp orig 

have good ae d techiical 

tations with knowledge aad “experience of 

yo * design and modern workshop 

tice. The position offers scope and perma 

y to the right man and of national 
ortance. Strict confidence will » 

pty, Box No. mire 8. Crawford Td 238, 
rm, ae 

















SURING CLERK REQUIRED for Works 

r’s Department oe ng om Factory 

on of England. Good salary, bonus system 

ating.—Address, 7894, The “Engineer. 6 ffice. 
A 















Post You Are Seeking May Not be 
ph ®, in this Column, but do not lose 
Opportunity of Bringing Your Requirements 
re all those who would interested and 
“employ you. An Advertisement in = 
tuations Wanted ** Column would be seer! by 
Leading Engineering Concerns for a cost of 
r Lines, 4s.; 1s. for each Additional Line. 

is no better way of covering so large a 
for such a small charge. 


















ROUGHT LIGHT ALLOYS DEVELOPMENT 
" ASSOCIATION REQUIRES an INFORMA- 
i OFFICER, who should be a Graduate in 
plied Science’ and able to 
hh and German. §& 

an advantage, and a short ‘pated 1 of 
ary training will be arranged. Salary up to 
oe annum, according to qualifications.— 
tations, with references, must be received 
ter than November 15th by the MANAGER, 
New Street, West Bromwich. P3628 A 

















INDEX TO ADVERTISEMENTS, PAGE 63 








THE FACT that goods made of raw 
materials in short supply owing to 





war conditions are advertised in this 


paper should not be taken as an 


indication that they are necessarily 


available for export. 











SITUATIONS WANTED 


PLANNING ENGINEER, with 15 Years’ 
practice in varied plant lay-out up to six- 


SITUATIONS WANTED 





of Large Concern 


A 


C" Des ENGINEER (42) 
ESTRES CHANG 


z +E; unique all-round 

Ae eee unatie oS, civil, ftructural, mech- | experience; has been executive 14 years ; 

chemical, electrical, — is OPEN to — — £1000 oe Pm =e. 

EMENT resea: rtak lease can arral Address, , The 
prec P3633, "The Berle ach. ob unde eu Engineer Otic P3623 B 





H. ENGINEER, Age 39, Now Free, 
M urgently DESIRES progressive POSITION, 


|g (47) DESIRES CHANGE as Works 
on home or abroad ; years’ general 


Manager or Assistant. Practical shop expe- 
rience machine shop practice, millwright, | rience, estimating, planning, designing. works 
plaat lay-outs, erection, maintenance, marine, qoaignet and ‘= rintendent. Experience in 
O., electrical work, 3 years executive iti dry, machine, fitting, mad metal, weld- 
control of labour. Good organiser. Ex. refs. Tech. ing, vitreous enamelling. or up- 











exp.—Address, P3634, The Engineer Office. wards, according to Scaponsibility. ae 
P3634 B P3630, The Engineer Office. P3630 








Pe PRESS TOOLS. 
e FIXTURES. 
SWINDELLS big or ena co., 
Precision Engineers. 
MACCLESFIELD. 
*Phone 2258 
P3627 1 
oo DESIGNER WILLING to COM- 
MENCE PRELIMINARY DISCUSSIONS, 


with manufacturing interests, on Post-war 
Design and Marketing _ Problems. —Address, 
P3631, The Engineer Office P3631 





For continuation of Small Advertise- 
ments see page 2 





AUCTIONS, Page 64 


BUSINESSES and PREMISES 
For Sale, &c., Page 64 


SUB-CONTRACTING, Page 64 
FOR SALE, Page 64 
PATENTS, Page 2 
EDUCATIONAL, Page 2 
MACHINERY, &c., WANTED, Page 2 





For Advertisement Rates see 
First Column Overleaf 





CLASSIFIED ADVERTISEMENTS CLOSE FOR 


PRESS-NOON WEDNESDAYS 





THE ENGINEER 


Oor. 31, 194) 








The Engineer 


Annual Subscription Rates 


(except Canada) 





‘“*THE METALLURGIST.”’ 

This Supplement, which deals with the Science and 
Pra::tice of Metallurgy, both ferrous and non-ferrous, is 
published free with the last issue of THE ENGINEER 
each alternate month. Next date, December 26th. 






ADVERTISEMENTS. 
_ The Charges for Classified Advertisements are 1/- per 
line up to one inch—minimum charge, 4/-: those 
occupying one inch or more at the rate of 12/- per inch. 
Orders must be accompanied by a . rates 
for Advertisements will be forwarded on appli- 
cation. Advertisemen: be inserted 
unless delivered before TWO o’clock on Wednesday 
afternoon. 
Letters relating to the Advertisement and the Publishing 
Departments of the Paper are to be addressed to the 


/epa: 
Publisher, all other letters are to be addressed to the 
Editor of THE ENGINEER. 


Postal Address, 
28, Essex Street, Strand, London, W.C.2. 


Teleg. Address, 
“ London.” 


Newspaper, Estrand, 
Tel., Central 6565 (10 lines). 





PATENTS 


HE PROPRIETOR of BRITISH PATENT 
No. 477,382, for ‘**‘ Improvements in and 
relating to Baking Ovens,’ is DESIROUS of 
ENTERING INTO ARRANGEMENTS with 
British manufacturers by way of licence or other- 
wise so as to secure the full commercial develop- 
ment of the invention.—Address all communica- 
tions in the first instance to GEORGE 
FUERY, Newhall Chambers, 8, Newhall Street 
Birmingham, 3. 3615 H 








+ PROPRIETORS of BRITISH PATENTS 
Nos. 404,535, 404,534, and 404,408, for 
‘‘Improvements in Printing Machine,’’ are 
DESIROUS of ENTERING INTO ARRANGE- 
MENTS with British manufacturers by way of 
licence or otherwise so as to secure the full com- 
mercial development of the inventions.— 
Address all communications in the first instance 
to GEORGE T. FU (, Newhall Chambers, 
8, Newhall Street, Birmingham, 3 3616 H 





HE PROPRIETORS of BRITISH PATENTS 
Nos. 400,748, 401,072, and 401,101, for 
relating to Machines for 
Stapling Tags to a Continuous String,” 
‘* Improvements relating to Apparatus for 
Winding a String or the like upon_a Bobbin or 
Reel,”’ and ‘‘ Improvements in chines for 
Making Fabric Tubes ”’ respectively, are DESIR- 
OUS of ENTERING INTO ARRANGEMENTS 
with British Manufacturers by way of licence or 
otherwise so as to secure the full commercial 
development of the inventions.—Address all com- 
munications in the first instance to GEORGE T. 
FUERY. Newhall Chambers, 8, Newhall Street, 
Birmingham, 3. 3617 H 


** Improvements 





HE PROPRIETORS of BRITISH PATENT 
No. 448,691, for ** Mechanism for Filling a 
Bag-like Receptacle with a Substance such as 
Tea or Coffee,” are DESIROUS of ENTERING 
INTO ARRANGEMENTS with British manu- 
facturers by way of licence of otherwise so as to 
secure the full commercial development of the 
invention.—Address all communications in the 
first instance to GEORGE T. FUERY, Newhall 
Chambers, 8, Newhall Street, Birmingham, = 
3618 H 





= PROPRIETORS of BRITISH PATENT 
No. 437,936, for ‘‘ Improvements in Paper 
Fastener,”’ are DESIROUS of ENTERING 
INTO ARRANGEMENTS with British manu- 
facturers by way of licence or otherwise so as to 
secure the full commercial development of the 
invention.—Address all communications in the 
first instance to GEORGE T. FUERY, Newhall 
Chambers, 8, Newhall Street, Birmingham, 
3619 H 





IHHE PROPRIETORS of BRITISH PATENT 
No. 450,703, for “‘ Improved Receptacle for 
Holding Tea, Coffee, and like Substances,’’ are 
DESIROUS of ENTERING INTO ARRANGE- 
MENTS with British manufacturers by way of 
licence or otherwise so as to secure the full com- 
mercial development of the invention.—Address 
all communications in the first instance to 
GEORGE T. FUERY, Newhall Chambers, 8, 
Newhall Street, Birmingham, 3. 3620 H 


HE PROPRIETORS of BRITISH PATENT 

iL No. 393,832, for ‘‘ Improvements in Com- 
bination Bag Transfer and Filling Mechanism,”’ 
are DESIROUS of ENTERING’ INTO 
ARRANGEMENTS with British manufacturers 
by way of licence or otherwise so as to secure 
the full commercial development of the inven- 
tion.—Address_all communications in the first 
instance to GEORGE T. FUERY, Newhall 
Chambers, 8, Newhall Street, Birmingham, 3. 
3621 H 


HE PROPRIETOR of BRITISH PATENT 
_ No. 488,590, dated March 28rd, 1936, per- 
taining to ‘‘ Improvements in and relating to 
Bearings and Bearing Materials,’’ is DESIROUS 
of ENTERING INTO ARRANGEMENTS by 
way of a licence or otherwise on reasonable 
terms for the purpose of exploiting the above 
patent and ensuring its practical working in 








Great pee Br 8 to SINGER, EHLERT, 
STERN and CA 
Chicago, Ilinois. 


LBERG, Steger Building, 
7884 H 





ase 





Pe ae eee Bee 








Emma emeer eed PATENT NOS sta, 039/4/3 ) MERE . 
FOR THE TOUGHEST JOBS & HEAVIEST FEEDS & SPEEDS. 


eT NN AE RE 








GEORGE H. 


MACHINERY LTD. 


ALEXANDER 


PHONE: ASTON CROSS 3264+54i~ 
“GRAMS: “VIKING, BIRMINGHAM” 


BIRMINGHAM 4 











PATENTS 


bees PROPRIETORS of BRITISH PATENT 
No. 510,056, are PREPARED to SELL the 
PATENT or to LICENSE BRITISH MANU- 
FACTURERS to work thereunder. It relates to 
Regenerators for Furnaces.—Address, BOULT, 
WADE and TENNANT, 112, Hatton Garden, 
London, E.C.1. 7890 H 








HE PROPRIETORS of BRITISH PATENTS 
Nos. 473,754, 473,805 and 473,819 are PRE- 
PARED to SELL the PATENTS or to LICENSE 
British Manufacturers to work thereunder. They 
relate to ‘* Projectiles.’".—Address, BOULT, 
WADE & TENNANT, 112, Hatton Garden, 
London, E.C.1. 7893 H 





MACHINERY, &c., WANTED 








\ TANTED, TWO 125/150-kKW GENERATING 
SETS. ‘* Belliss ’’ make preferred (but not 
essential), 230/250 volts, 160/180 lb. pressure, 
15 1b. back pressure. Particulars.—Address, 
7886, The Engineer Office. 7886 ¥F 
\ TANTED. BILLET CROPPER, Cap. of 
cropping m.s. billets up to 4in. sq. 
Address, 7887, The Engineer Office. 7887 F 


EDUCATIONAL 





AUTHORITATIVE 
CORRESPONDENCE TRAINING 


25 FIRST PLACES 
and HUNDREDS OF PASSES in the 
A.M. Inst. C.E., A.M.I. Mech. E., A.M.I. 
E.E., A.F.R.Ae.S., A.M.I. Chem. E., C. & 
G., etc. Examinations have been gained 
by T.LG.B. Students. — . 

Especially in view of Air Raid and Working 
Conditions, study at home with the T.I.G.B. in 
order to achieve the best progress and results. 
Write to-day for ‘‘ The Engineer’s Guide to 
Success ”»—FREE—containing the world’s choice 
of Engineering Courses—over vering all 





AMWORTH 


PUMPS & AIR COMPRESSORS 
THE HAMWORTHY ENGINEERING CO., Ltd., Poole, p, 
Branches? 


30, Lynwoul Drive, Worcester Park, Surrey. Tel.: Deryey, 


114, Queen Street, GLASGOW 











GALVANISING & CONSTRUCTIONAL IRON; 


JOSEPH ASH AND SON, LTD, 
Rea Street South, BIRMINGHAM, 














Variable stroke and 
Automatically Reversi 
pumps. 


eS 


ROTOPLUNGE PUMP Co. Ltd 
58, Victoria Street, S.W.1 
Phone: VIC 4395 Grams : Rotop 











branches and recognised qualifications. Ment 

branch, re of qualifications that interests you. 

The T.1.G.B. guarantees training until successful. 

THE TECHNOLOGICAL INSTITUTE OF GREAT BRITAIN 
76, TEMPLE Bar Hovss, Lonpon, E.C.4. 





For continuation of Small Advertise- 
ments see page 64 





ANTED, WATER-TUBE BOILERS, Babcock 

or Stirling only, up to 50,000 lb. evapora- 

tion, 200lb. working pressure or higher.— 
Address, 7384, The Engineer Office. 7384 F 





LBERT HERBERT, Ltd., Coventry, PAY 
BEST PRICES for SECOND-HAND 
MACHINE TOOLS in good condition by first- 
class makers. 
Write, wire or ‘phone, and our representative 


will call. 
*Phone: 88781 (12 lines), Coventry; Tele- 
grams : ‘* Lathe, Coventry.” 1002 F 





SURPLUS PLANT & MACHINERY 
REQUIRED TO SATISFY URGENT 
ENQUIRIES, ESPECIALLY : 


Boilers, A.C. Motors, D.C. Motors, Diesel Engines 
Diesel-driven Generating Sets, Steam Engines, 
Steam-driven Generating Sets, Colliery Plant, Air 
Compressors, Turbo and other Pumps, Rubber 
Plant, Plastic Moulding Plant, Hydraulic Presses, 
Hydraulic Pumps and Accumulators, 
Cranes, Locomotives, Tanks, Piping, 
Wagons, Joists and Steel Buildings, Chemical 
Plant. Needed for work of urgent national im- 

rtance. GEORGE COHEN, SONS & CO., LTD., 

ood Lane, London, W.12, and Stanningley, 
nr. Leeds. 





PLEASE OFFER US 


YOUR SURPLUS MACHINES 


As Licensed Dealers in MACHINE TOOLS we 
have numerous inquiries on our books for all 
types of machines for work of vital national 


ee Our resentatives will ar 
and make spot cash offers for MACHINE TOOLS 
CHINERY 


le 
and SHEET METAL WORKING MA 
of every description. 


F. J. EDWARDS LTD., 


359, EUSTON ROAD, LONDON, N.W.1 


Telephone No.: EUSton 468! 
Telegrams: “‘ Bescotools, Norwest, London.” 





| age GENERATOR WANTED to 
develop about 200 kW for 400/440 volts, 
three-phase, 50 cycles. Complete with Starting 
Equipment if possible. State make, age, and 
full particulars.—Address, 7881, The Engineer 
ffice. 7881 F 





OUT PERMISSION of the Ministry of 
Supply you can OFFER and SELL your 
SURPLUS MACHINES to NORMAN POTTS, 


105, Alcester Road South, Birmingham, 14. 
7870 F 


Wertical Milling Machines 
all geared, hardened and ground throughout, ball 
and roller bearings, swivelling head, 30°x8” Table 

HENRY MILNES LIMITED, Machine Tool Works 

Ingleby Street, BRADFORD 








CROSSLEY BROTHERS 
LIMITED 
London Office: 2, Howard Street, W.C.2 


See our displayed advertisement 
OCTOBER 17 








THE HYDRAULIC 
ENGINEERING Co. Ltd. 


CHESTER 


See our displayed advertisement 
OCTOBER 17 








JAMES BENNIE & Sons Ltd. 
GOVAN, GLASGOW 
Scottish Machine Tool Corporation Limited 
See our displayed advertisement 
OCTOBER 17 











KEITH PIERCY 


LIMITED 
OLDBURY, near BIRMINGHAM 
See our displayed advertisement 
SEPTEMBER 26 














ROBERT HUDSON 
LIMITED 
Raletrux House, Meadow Lane, Leed: 


See our displayed advertisement 
OCTOBER 24 








HENRY BERRY & Co. 


LIMITED 
LEEDS 


See our deployed advertisement 
OCTOBER 3 








English Steel Corporati 
LIMITED 
SHEFFIELD 


See our displayed advertisement 
OCTOBER 17 








VICKERS-ARMSTRONG 
LIMITED 
BARROW-IN-FURNESS 


See our deplepes advertisement 
OCTOBER 3 








GEORGE ELLISON 


LIMITED 
BIRMINGHAM 22, ENGLAND 


See our displayed advertisement 
OCTOBER 17 








Thomas Summerson 
AND SONS, LIMITED 
DARLINGTON 


See our displayed advertisement 
OCTOBER 17 











SOLIGNUM LIMITED 


Donnington House, Norfolk St. 
LONDON, W.C.2 


See our displayed advertisement 
SEPTEMBER 26 


JOSEPH ADAMSON 


AND COMPANY LIMITED 
P.O. Box 4, HYDE, CHESHIRE 


See our displayed advertisemen 
OCTOBER 24 








BULLERS LIMITED 


The Hall, Oatlands Drive, Weybridge, 
SURREY 


See our displayed advertisement 
SEPTEMBER 26 








Billington & Newton 
LIMITED 
LONGPORT, STAFFORDSHIRE 


See our displayed advertiseme" 
OCTOBER 24 
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Man Power and Production 


In his reply to a question in the House of 
Lords last week, Lord Moyne dealt with the 
roblems of production and man power. The 
development of mechanical warfare had, he 
said, upset the proportion between the fighting 
services and the industries on which they 
depended. There had been a huge increase in 
the need for tanks, which was far greater than 
anyone contemplated at the beginning of the 
war. In order to keep pace with the tanks, 
mechanical transport was needed on a scale 
never before dreamt of. The schedule of 
reserved occupations had so far proved success- 
ful in the transfer of men with the least possible 
dislocation to civilian industry, but a more 
exact instrument was now needed, and indi- 
vidual reservation must replace reservation by 
occupation. Next year the Armed Forces, 
including full-time civil defence workers, would 
be about equivalent to the number at the end of 
last war, but the figures for munition production 
would be just about double. Reservation had 
shown that there was™an unexpectedly high 
proportion of women already fully employed. 
The withdrawal of women from industry had 
been steadily applied through the Registration 
of Employment Order, but by itself that was 
not enough, and a further contraction in the less 
essential industries would be necessary, Up to 
date, 108,000 men and women had been released 
for more urgent war purposes by the concentra- 
tion of civil industry. There had _ been 
38,700,000 square feet of factory space released 
owing to the concentration of industry. Some 
37,000,000 square feet had been acquired for 
factory and storage purposes, but not all of 
that had come from the concentration of 
factories. In the near future it was hoped to 
add another 6,500,000 square feet of factory 
space from further concentration. Schemes now 
under consideration covered some 36,000 factory 
workers, apart from 12,000 who were expected 
to be transferred from civilian factories, and 
who came within the 20-25 age group. 


Institution of Mechanical Engineers 


Ar a meeting of the Institution of Mechanical 
Engineers last Friday, October 24th, the 
President, Mr. W. A. Stanier, announced 
that, having reached the age decided upon, 
Mr. J. E. Montgomrey was due to retire 
next March. Some time ago the Council had, 
he said, heard that Mr. H. L. Guy intended to 
give up his industrial position. An approach 
was made to him and arrangements were made 
agreeable to him and to the Council. The 
President now wished to put formally to the 
meeting that Mr. Guy should be elected Secre- 
tary as from March next. Brig.-General Magnus 
Mowat seconded the resolution, which was 
carried unanimously. The President then gave 
his address, which we print on another page. 
Mr. Asa Binns proposed and Mr. O. V. S. 
Bulleid seconded a vote of thanks to the Presi- 
dent for his address. Mr. J. E. Montgomrey 
joined the Institution staff and was appointed 
Assistant Secretary in 1920, when the late 
Captain Sankey was President. He was then 
mainly engaged on the educational side of the 
Institution’s work and was particularly con- 
nected with the inauguration and development 
of the National Certificate scheme. He is a 
member of the Joint Committees with the Board 
of Education, the Scottish Education Depart- 
ment, and the Ministry of Education in Northern 
Ireland. He was appointed Acting Secretary 
at the beginning of General Mowat’s illness in 
1938 and Secretary in 1939. He has been 


actively engaged in the wartime activities of 
the Institution, particularly in co-operation 
with the Ministry of Labour and National 
Service and as member of the General Engi- 
necring Committee and the Mechanical Engi- 
neering Sub-Committee of the Central Register. 


A Seven-Day Journal 


and Shipbuilding Company and_ received 
his technical education at the City and 
Guilds (Engineering) College under Professors 
Unwin and Dalby. He is an A.C.G.I. and a 


London. During the last war he was com- 
missioned in the R.G.A. (T.A.) and saw two 
and a-half years’ service as Staff Captain to a 
garrison. Up to 1924 he served with a civil 
engineering firm on water supply schemes. 
Mr. H. L. Guy joined the Institution as a 
graduate in 1906 and has done much active 
work, especially in connection with the North- 
Western Branch, of which he was Chairman in 
1929. He served on the Council from 1928 until 
the present year, as a Vice-President since 1938. 
Mr. Guy received his technical education at the 
Cardiff College of the University of South 
Wales and Monmouthshire, and was awarded 
a Royal Research Scholarship and a Whit- 
worth Exhibition. In 1910 he joined the British 
Westinghouse Company, later the Metropolitan- 
Vickers Electrical Company, and became chief 
engineer of the mechanical engineering depart- 
ment in 1921. He has been very closely asso- 
ciated with original work on steam and the 
steam turbine, which has included both research 
and development work. In 1936 he was elected 
a Fellow of the Royal Society and two years 
later a member of its Council. In 1939 the 
degree of honorary D.Sc. was conferred upon 
him by the University of Wales. Recently he 
became a member of the Executive Committee 
of the National Physical Laboratory, and on 
the death of Sir Nigel Gresley he was elected 
Chairman of the Engineering Research Com- 
mittee of the Laboratory. 


New Shipbuilding Appointments 


Ir is announced by Dr. E. P. Andreae, the 
chairman of William Doxford and Sons, Ltd., 
that Mr. J. Ramsay Gebbie has been chosen to 
succeed the late Mr. Robert Haswell as manag- 
ing director of the company. Mr. Gebbie, we 
may recall, joined the firm in 1930 and was 
elected a director in 1937. He served his appren- 
ticeship with Scott’s Shipbuilding and Engi- 
neering Company, Ltd., of Greenock, and at an 
early age became chief assistant draughtsman. 
In 1920 Mr. Gebbie was appointed technical 
manager of the Northumberland Shipbuilding 
Company, Ltd., in which position he was 
responsible for the design and construction of a 
large number of ships. In 1930 he left the com- 
pany to become shipyard manager of William 
Doxford and Sons, Ltd. He holds the Bachelor 
of Science degree of the University of Glasgow 
and is a Vice-President of the North-East 
Coast Institution of Engineers and Ship- 
builders, and a member of the Institution of 
Naval Architects. He is also a member of the 
Committee of Management of the British Cor- 
poration Register of Shipping and Aircraft. It 
is also announced that the directors of J. Samuel 
White and Co., Ltd., of East Cowes, Isle of 
Wight, have appointed Mr. J. A. Milne, M. Inst. 
N.A., to be managing director of the company 
in succession to the late Mr. Arthur T. Wall. 
Mr. Milne, who took up the position of general 
manager of the company some months ago, 
began his training as a shipbuilder at the Barrow 
yard of Vickers-Armstrongs, Ltd. After serving 
his apprenticeship Mr. Milne remained with the 
firm for many years. He left Barrow in 1921 to 
join the staff of the Société des Ateliers et 
Chantiers de France at Dunkirk. After serving 
as chief draughtsman he was appointed general 
manager and local director of the company. 
Many noteworthy ships were built at Dunkirk 
under his direction, among which we may recall 
the French liner ‘‘ Colombie ” and the 21,000- 
ten tanker ‘‘ Emile Miguet,” which was at the 
time of her construction one of the largest oil 
tankers in the world. In addition to a large 
amount of repair work, the Dunkirk firm built 
destroyers, floating dry docks and pontoons. 





He was trained with the Thames Iron Works 


B.Se. in Engineering of the University of 


He is a 
member of the Institution of Naval Architects 
and the North-East Coast Institution of Engi- 
neers and Shipbuilders. 


the time of evacuation last year. 


British Association of Refrigeration 


THE autumn luncheon of the British Associa- 
tion of Refrigeration was held on Monday last, 
October 27th, at the Waldorf Hotel, Aldwych, 
when the principal guest was Lord Leathers, the 
Minister of War Transport. The chair was 
taken by the President, Dr. 8S. F. Dorey, who 
proposed the toast of “Our Guests.” Dr. 
Dorey said that refrigeration was a key factor 
in over one hundred different industries. The 
history of refrigeration was a long one, and he 
had been informed that the first “ refrigerist ” 
was probably Francis Bacon, who, on going a 
long journey, endeavoured to preserve a chicken 
by filling its carcase with snow. In his reply to 
the toast, Lord Leathers said that the war had 
made heavy calls on refrigerated ships, many of 
which were of that high standard of speed and 
equipment which rendered them suitable for 
special service. Direct service requirements 
left, he said, a limited amount of refrigerated 
space with which to import foodstuffs for the 
workers and the Fighting Services. The 
Ministry was therefore faced with the problem 
of doing everything possible to increase the 
carrying value of every cubic foot of refrigerated 
space. In many ships, the more nutritious 
foods, such as cheese and bacon, were being 
carried in space which had hitherto been 
reserved for the carriage of fresh fruit. Lord 
Essendon, who also responded to the toast, said 
that he regarded refrigeration as one of those 
inventions which had been of great benefit to 
the human race. To-day we were reaping the 
benefit of that invention and its development 
in refrigerated ships which furnished facilities 
for the import of essential foods. 


Transport and More Economical 
Distribution 
IN the course of the address referred to above, 
Lord Leathers said that we entered the third 
winter of the war with full confidence in the 
adequacy of essential food supplies and with 
minds set free to concentrate on the main tasks 
of defeating the enemy. During the coming 
winter our industrial capacity would be 
extended as never before, and each expansion 
would increase the calls on transport for the 
movement of raw materials from port to factory, 
the conveyance of workers and the delivery of 
the finished products to the Allied Forces. 
Government Departments, he announced, were 
co-operating with him to give full effect to the 
Government scheme to free transport from all 
unnecessary movements. The Departments 
had already taken such steps with regard to 
their own traffics and similar arrangements 
were now being made with traders in order to 
secure economy in the transport of general com- 
mercial traffic. In this way the Ministry of War 
Transport would ensure that the rapid develop- 
ment of war industries would not outpace the 
speed and capacity of transport. The refrigera- 
tion industry, Lord Leathers said, had a striking 
example of economy in the use of transport by 
demonstrating how the greatest quantity of 
perishable produce could be conveyed, and his 
Ministry, in conjunction with the other Govern- 
ment Departments, would endeavour to apply 
the same principle throughout the whole trans- 
port system in the country. In connection with 
the announcement made by Lord Leathers it is 
known that for some time past the Central 
Transport Committee, the Railway Executive 
Committee and the Transport Departments of 
the Ministries of Supply, Food, Aircraft Pro- 
duction and the Board of Trade have been 
occupying themselves with problems con- 
nected with the saving of transport and the 
steps to be taken in order to reduce unneces- 





Mr. Milne continued to hold his position until 





sary haulage. 
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Historic Accidents and Disasters 


No. VIII 
(Continued from page 268, Oetober 24th) 


THE First QuEBEC BRIDGE—Pakrt II 


N June, 1899, Mr. Theodore Cooper, as we 
have said, reported to the Quebec Bridge 
Company that the Phoenix Company’s canti- 
lever design was the best and cheapest of 
the plans submitted to him for his opinion. 
The Phenix Company’s tender covered the 
erection of a cantilever bridge with a main 
span of 1600ft. between pier centres and two 

* anchor arm spans, each of 500ft., and 
involved a weight of steel totalling 22,956 
sum price named in the 
tender was 2,438,612 dollars, or the equiva- 
The next 


tons. The lump 


lent of 103-94 dollars per ton. 


not satisfied that the proposed site for the 
bridge had been adequately studied or that 
the positions of the piers were the best that 
could be selected. Further borings and 
geological studies were made, and on the 
results being made known to him Mr. Cooper 
on May Ist, 1900, recommended that the 
main piers should be placed nearer their 
respective shores and that the main span 
should be increased from 1600ft. to 1800ft. 
He estimated that by this change about 
400,000 dollars would be saved on the cost of 
the masonry substructure and that the cost 
of the superstructure would be increased by 
600,000 dollars. Modifications .could, how- 
ever, he said, be made in the specification 






ae 
received further consideration preparatory 
to beginning the design of the enlarged 
bridge. 

Tt will be noted that the main and anchy 
piers constituting the substructure of th 
bridge were designed and built before the 
superstructure intended to be placed 
them was designed and therefore before the 
loading to which they would be subjected 
could be determined. This unusual procedure, 
however, does not appear to have contributed 
in any way to the disaster. There was no 
failure of the piers, although they wer 
damaged by the collapse of the steel work 
nor was there any settlement at them oj 
material amount. 

The specification which the firms tendering 
for the superstructure in 1898 worked was, 
as we have previously said, prepared by 
Mr. Hoare, the Quebec Company’s chief 
engineer, in conjunction with Mr. R. ¢, 
Douglas, the bridge engineer of the Govern. 
ment’s Department of Railways and Canals, 


























most acceptable tender was that of the 
Keystone Bridge Company. It was for a 
cantilever bridge of the same general dimen- 
sions, but the weight of steel amounted to 


for the superstructure which would reduce 





The words “in conjunction with ” have to 
be interpreted in a peculiar way. The 





27,400 tons. The price quoted was 2,462,119 
dollars, or at the rate of 90 dollars per ton. 
These figures are of some significance. They 
indicate that the Phoenix Company’s tender 
was the lower because it covered a lighter 
structure and not because the company 
proposed to employ a cheaper material or 
cheaper methods of production and erection. 

Negotiations were begun with the Phoenix 
Company, but it would not enter into a con- 
tract because of the financial position of the } 
Quebec Bridge Company. The authorised 
capital of the Quebec Company at that date 
was only a million dollars, and no financial 
firm showed any wish to invest in its 
securities. In the earlier part of 1900 the 
company’s position was improved by the 
granting to it of subsidies totalling 1,550,000 
dollars by the Canadian Government and 
the Province and City of Quebec. -This 
assistance permitted the company to enter 
into a contract with Mr. M. P. Davis, of 
Cardinal, Ontario, for the construction of the 
substructure and into a separate contract 
with the Pheenix Bridge Company for the 
construction of the approach spans. Work, 
under Mr. Davis’s contract, on the piers was |. 











begun on October 2nd, 1900, and made good et ee ee 
progress, as later on did that on the approach ave? ee 
spans. Son — 


In 1903 the company’s financial position 
became fully assured by an Act of the 
Canadian Parliament, which declared the 
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bridge to be for the general advantage 
of Canada, authorised and guaranteed the 
issue of fresh bonds by the company and 
foreshadowed terms on which the Govern- 
ment might take over the bridge after 
it had been constructed. Incidentally the 
same Act changed the company’s name 
to the Quebec Bridge and Railway Com- 
pany and extended the date for the 
completion of the structure to July, 1910. 
It was in connection with this Act that 
the incident, already related, arose con- 
cerning the appointment of an independent 
engineer by the Government to supervise 
the work, a proposal which Mr. Cooper 
strenuously and successfully opposed. The 
company’s financial position being now 
adequately ensured, the Phenix Company 
signed the contract for the construction of 
the superstructure on June 19th, 1903. 

Other events which occurred during these 
four years, events which were to contribute 
materially to the disaster, have also to be 
chronicled. When Mr. Cooper submitted 
his report in favour of the Phoenix Company’s 
design in 1899 he made it known that he was 


the increased cost of the enlarged span to 
about 450,000 dollars, so that the net increase 
of cost, taking both the substructure and 
superstructure into account, would be only 
50,000 dollars. He did not indicate the 
nature of the modifications which he had in 
mind, but he stated that in his opinion they 
were desirable and justifiable and that they 
would in no manner reduce the carrying 
capacity of the structure or render it incap- 
able of fully performing all its duties satis- 
factorily. He concluded by recommending 
that the contractors for the superstructure 
should be directed to prepare plans for a 
bridge with-a main span of 1800ft. On 
May 5th, 1900, four days after the date on 
which Mr. Cooper made these recommenda- 
tions and suggestions, the directors of the 
Quebec Company accepted his advice, 
instructed the Phoenix Company to prepare 
plans for an 1800ft. bridge and advised the 
contractor for the substructure of the change 
that had been made. Work on the sub- 
structure was begun and duly completed, 
but it was not until May, 1903, that the 





question of modifying the specification 
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specification, it would seem, was actually 
drawn up by Mr. Hoare and was submitted 
to Mr. Douglas for his criticism. When Mr. 
Douglas examined the different clauses he 
found that they were mainly direct copies 
from a general specification for steel and iron 
bridges which he himself had prepared for 
his Department in 1896. After the disaster 
he disclaimed responsibility for the specifica- 
tion as being applicable to a bridge of the 
size of the proposed structure, asserted that 
his discussion of the specification with Mr. 
Hoare had been purely informal and that he 
had never officially expressed approval of 
it. Mr. Cooper’s view of the Hoare specifica- 
tion was that it had not been drawn by any- 
one having the magnitude of the proposed 
bridge in mind. Nevertheless, it is just 
possible that the disaster would not have 
occurred had Mr. Cooper left the Hoare 
specification substantially as it was and not 
altered it drastically. If Mr. Hoare exhibited 
@ lack of appreciation of the magnitude of 
the projected bridge, Mr. Cooper, while 
appreciating it, failed to realise that the pro- 





fessional knowledge of the day was not suffi- 












0 


cient 
the | 
perp 
brid: 
econ 
TI 
the 
Com 
docu 
its p 
Hoa 
omis 
seer! 
draf 
beer 
Gov 
any 
und. 
It is 
wert 
pan} 
man 


opin 
desi 








4] 


—:!_ 


Oct. 31, 1941 








THE ENGINEER 





287 












ratory 
larged 







Chop 
of the 
@ the 
dog 
re the 
jected 
dure, 
buted 
AS No 
Were 
work, 
m of 

















ering 
was, 
| by 
chie 
. 6 
Vern. 
nals, 
re to 
The 

















ciently exact—particularly with reference to 
the action of steel columns under load—to 
permit a structure of the size of the Quebec 
bridve to be designed with closely pared 
economy. 

The final, or 1903, specification to which 
the designing staff of the Phoenix Bridge 
Company worked was an unsatisfactory 
document, both as regarded the manner of 
its preparation and its contents. It was the 
Hoare specification of 1898 with alterations, 
omissions and additions by Mr. Cooper. It 
seems never to have been much more than a 
draft specification which, although it had 
been formally approved by the Canadian 
Government, was open to amendment at 
any time by Mr. Cooper in the exercise of the 
undisputed authority which he had acquired. 
It is not certain to what extent its provisions 
were rigidly adhered to by the Phoenix Com- 
pany. That company had previously built 
many bridges under Mr. Cooper’s direction, 
was accustomed to his methods and knew his 
opinions on many debatable questions of 
design. In these circumstances a formal 





that it could be better employed in giving the 
bridge increased vertical strength to accom- 
modate a higher train loading. These two 
modifications, in conjunction with the change 
in the length of the main span from 1600ft. 
to 1800ft., would have had the effect of 
increasing the amount of material in the 
structure. In order to avoid such an increase 
and to preserve the cost of the bridge at 
substantially the figure quoted in the Phoenix 
Company’s tender of 1899 he introduced the 
third modification, an increase in the per- 
missible stressing of the material. His 
modifications did not include any change 
in the quality and ultimate strength of the 
material to be used in the fabrication of the 
bridge. 

The first and second of these changes may 
be dismissed with little comment. We have 
been unable to discover the precise value 
of the wind pressure mentioned in the Hoare 
specification or the reduced value adopted 
by Mr. Cooper. It seems probable, however, 
that the original figure was in the neighbour- 
hood of 50 lb. per square foot and that Mr. 
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rigid and minutely detailed specification 
might well have been considered superfluous. 

In general Mr. Cooper’s modifications of 
the Hoare specification were designed to 
improve the economic rather than the tech- 
nical aspects of the bridge. In addition to a 
number of minor alterations, Mr. Cooper 
made three important changes. In the first 
place he raised the specified train loading for 
which the bridge was to be designed. 
Secondly, he reduced the maximum wind 
loading which was to be allowed for by the 
designers. Thirdly, he increased the unit 
stress permissible in the members of the 
bridge. His object in making these changes 
is clear beyond a shadow of doubt. From 
his own testimony we learn that when he 
examined the original Hoare specification 
he found that the train loading was less 
than it should have been to meet the 
existing and probable future requirements 
and that the wind pressure for which pro- 
vision was to be made was an “ impossible ” 
one. He saw that the bridge would contain 
a large amount of material intended to give 
it horizontal strength against the wind, that 
much of this material was unnecessary and 





THE DISASTER—AUGUST 29, 
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Cooper halved it. The point is not of much 
importance because wind pressure did not 
enter into the causes which led to the fall 
of the bridge. Concerning the increased 
train loading, the Royal Commissioners 
subsequently remarked that the actual figure 
named by Mr. Cooper was no greater than 
what was then being regularly used in 
Canadian practice and was less than the value 
subsequently adopted for the National 
Transcontinental Railway, of which the 
bridge, had it been completed, would have 
formed a part. This fact clearly reveals the 
unsatisfactory nature of the original Hoare 
specification. It also shows that in modify- 
ing it as regarded the train loading Mr. 
Cooper did not go far enough to meet the 
requirements of the future which might 
reasonably have been foreseen. “ 

The third of Mr. Cooper’s modifications 
demands our chief attention.. The specifica- 
tion called for the use of ordinary quality 
structural steel with a minimum ultimate 
strength of 60,000 Ib. and an elastic limit of 
32,000 Ib. per square inch. The maximum 
permissible working stress was prescribed at 





24,000 lb., or three-quarters of the elastic 








limit. The material used in the Forth Bridge 
was required to have a minimum ultimate 
strength of 67,000lb. and the maximum 
permissible working stress to be imposed on 
it was fixed at 17,000lb. Mr. Cooper was 
therefore prepared to use at the Quebec 
bridge a steel of less strength than that used 
at the Forth Bridge and to stress it to a 
higher value. He was content with a factor 
of safety of 2}, as compared with the factor 
of 4 considered essential by Messrs. Baker 
and Fowler. The specifications for the two 
bridges showed an even greater difference in 
the matter of the allowable shear in the 
rivets—12,000 lb. per square inch for the 
Forth Bridge and 18,000 lb. for the Quebec 
bridge. The figure for the Quebec bridge 
seems to have crept into the specification 
almost by an oversight. The original Hoare 
specification was, as we have seen, derived 
in large part from an existing standard 
specification for ordinary short-span railway 
bridges. Following the usual practice in low- 
stress bridges, it. contained a clause which 
permitted the rivets to be worked to a shear 
stress equal to three-quarters of the allowable 
stress in the tension members. This clause 
was not altered by Mr. Cooper, with the result 
that the maximum permissible rivet shear 
stress was established at the dangerously 
high value of 18,000 lb. 

Had the strength and stressing require- 
ments of the specification been rigorously 
fulfilled the bridge might have been com- 
pleted and used without disaster, although 
the margin of safety on which its survival 
would have depended would have been lower 
than in any other comparable structure 
existing or planned at the time. Neither the 
strength nor the stressing requirements were, 
however, fulfilled. Tests carried out on some 
full-sized members of the bridge showed that 
the metal employed had an ultimate strength 
of not more than 55,000 lb. and an elastic 
limit of 28,000 Ib. per square inch. In other 
members the elastic limit was probably even 
as low as 27,000 lb. Mr. Cooper’s prescribed 
maximum permissible stress was therefore 
as much as 85 or 90 per cent. of the realised 
elastic limit. The position was made still 
worse by the fact that the maximum per- 
missible working stress was exceeded in 
almost every important member of the 
bridge. A painstaking analysis after the 
disaster showed that in the upper chords of 
the cantilever arm the actual stress exceeded 
the allowable stress by 10 tu 18 per cent., 
while in the lower chords of the same arm 
excesses of 74 to 24 per cent. were found. In 
the upper and lower chords of the anchor 
arm the excess amounted to anything from 
11 to 20 per cent. In one web member an 
excess of as much as 57 per cent. was revealed. 
It will be gathered, therefore, that to the 
narrow margins of safety laid down in Mr. 
Cooper’s specification we have to add not 
only the employment of material which was 
weaker than intended, but the commission 
of grave errors in the design of the bridge by 
Mr. Szlapka, of the Phoenix Bridge Com- 
pany. 

The designer of a structure as large as the 
Quebec bridge has a difficult task to perform. 
The deadweight of the material employed 
may account for as much as four-fifths of the 
load which the members are called upon to 
support, the remaining one-fifth representing 
the weight and dynamic effect of the traffic to 
be carried by the bridge, the wind load and 
the snow load. The traffic load can be speci- 
fied with close accuracy and the wind and 
snow load can be estimated fairly well, but 
the true deadweight, the major element in 
the problem, cannot be found until after the 
structure has been designed and even in some 





cases until after the various members have 
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actually been fabricated. In these circum- 
stances the designer proceeds by assuming 
the deadweight of the structure at some 
reasonable value, thereafter apportioning to 
the various members the sectional areas 
required to support the total loading with the 
unit stress limited to the specified figure. 
Having found the requisite sectional areas 
he can calculate the weights of the members 
and compare them with the weights assumed 
for them at the outset. If the calculated and 
assumed weights are not in substantial agree- 
ment he will then proceed to redesign the 
bridge following a suitable adjustment in the 
assumed weight. The method is essentially 
one of trial and error and involves a consider- 
able amount of labour. 

In the specification for the Quebec bridge 
it was laid down that the dead load used for 
calculating the stresses was to be not less 
than the actual weight of the structure when 
completed. In other words, it was specified 
that the trial and error method was to be 
carried to a stage at which the calculated 
weight was equal to or less than the assumed 
weight. The designers failed to comply 
with this requirement. The Phoenix Bridge 
Company for three or four years after the 
contract was virtually awarded to it took no 
serious steps towards designing the bridge. 
‘When it did begin work on the designs time 
was pressing and Mr. Szlapka undoubtedly 
neglected to calculate the actual weights and 
check them back against the assumed weights. 
Mr. Cooper passed the drawings without 
applying an independent check. A large 
portion of the bridge had been made in the 
shops and erection had begun at the site 
before it was discovered by actually weighing 
the members that their weights were in 
excess of the values assumed for the purposes 
of design. The excess amounted to about 
17} per cent. for the suspended span, 19 per 
cent. for the cantilever arm and 30 per cent. 
for the anchor arm, the average overall 
being about 234 per cent. These errors in 
the assumed weights account for the pre- 
viously mentioned amounts by which the 





action which should have been taken when 
the errors in the assumed weights were dis- 
covered. The errors, they held, were of such 
@ serious nature as to require the condemna- 
tion of the bridge. 
said in Mr. Cooper’s defence in allowing 
erection to proceed would appear to be that 
he was honestly convinced that the extreme 
conditions mentioned in his specification 
would never occur in practice and that under 
all less arduous conditions the bridge would 
be safe. 


ceeded the limits allowed by the specification. 


of the bridge was begun at the Phoenix Com- 
pany’s shops in July, 1904. The fact that 
the actual weights of the parts were consider- 
ably in excess of those assumed for them 
during their design was not discovered, or at 
least was not communicated to Mr. Cooper, 
until February, 1906. By that date many of 
the members had been made while at the 
site erection was well in hand. Mr. Cooper 
and Mr. Szlapka investigated the conse- 
quences of the errors in the weights. They 
came to the conclusion that they were not 
fatal to the safety of the bridge and that its 
erection should continue. It is not easy to 
understand how this conclusion was reached. 
The specification required the bridge to be 
safe under certain extreme conditions repre- 
senting a specified combination of the dead, 
live, snow and wind loads. Analysis shows 
that under these extreme conditions the unit 
stress in some of the members would have 
exceeded the actual elastic limit—say, 
28,000 lb. per square inch—of the metal 
composing them. In the lower chord of the 
anchor arm the stresses in the members 
known as A6, A7, A8, A9 and Al0 would 
have been respectively 29,100 lb., 30,000 Ib., 


30,100 1b., 29,7001b. and 29,600lb. per 
square inch. These figures are of much 
significance. The immediate cause of the 


disaster was clearly traced to the failure of 
the chord members A8 and A9. 
The Royal Commissioners who inquired 
into the mishap had no doubt about the 
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actual stresses in the various members ex- 
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Underground Railways at Chicago, 
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Work on the fabrication of the members 


Fok the main part the new subways 
consist of parallel or twin tunnels 
separated by a wall 4ft. thick. They are lined 
with reinforced concrete and have flat 
floors, vertical side and centre walls and 
arched roofs. For about 24 miles, however, 
they consist of twin circular tubes, 8ft. 
apart, which were driven by means of shields. 
This method was used on both the State 
Street and Dearborn Street subways in the 
“loop” or business district, where any 
movement in the plastic clay might affect 
large buildings whose foundations are in or 
on the clay. A third type of construction 
is cut-and-cover work, which was used on 
the inclines connecting the subways with the 
elevated railways, and used also on certain 
other parts of the work, including wide spaces 
for cross-overs in the track where no central 
wall could be built and the contractors had 
the choice of tunnelling or open cut. 

In general there is about 25ft. of cover 
over the roofs of the tunnels, and the rail 





level is 45ft. below the street surface. With 
the twin arch roof tunnels the width overall 
is approximately 39ft.; with the twin circular 
tubes it is 48ft., and in cut-and-cover 52ft. 
At stations having side platforms the overall 
width is 58ft., but with the more usual design 
of stations with island platforms this width 
is 48ft. to 52ft. The island platform arrange- 
ment is used throughout the north and south 
portions of both subways within the “ loop ” 
district, the platforms being continuous 
between stations for a distance of nearly 
3500ft., in order to facilitate the movements 
of passengers and trains during the periods 
of heavy traffic. This platform length will 
accommodate three eight-car trains on each 
side. 

In the typical twin tunnel cross section, 
shown on Fig. 5, the tunnels are 15ft. wide 
in the clear and 16ft. 94in. high from floor 
to crown of arched roof, which has a semi- 
circular curve of 74ft. radius. The 1L5ft. 





overall width of 9ft. 6in. for the cars. Qn 
curves the width is increased to a maximum 
of 17ft. The dividing wall, 4ft. thick, is 
built in two separate vertical portions, 2ft, 
thick, the heading of one tunnel being kept 
well in advance of the other. To bond the 
two sections together the outer or centre | ine 
face of the wall built with the leading tunnel 
is formed with horizontal grooves, and hori. 
zontal reinforcing bars in this wall extend 
through, to be embedded in the second half 
of the wall. From the side walls, 2ft. 4in, 
thick, the arch tapers to a crown thickness 
of 20in. 

For the flat floor the thickness is 2ft. 6in., 

increased at the sides to 3ft. 8in. in order to 
form a base for the walls and also to provide 
a service or emergency walk about 26in, 
wide. Rectangular openings, 7ft. 6in. high 
and 3ft. 6in. wide, are formed in the dividing 
wall, about 175ft. apart. Niches or recesses, 
8in. deep, 30in. wide and 7ft. 6in. high, are 
formed in both faces of the wall at intervals 
of 45ft. Where cross-overs are required in 
the tracks, so that the dividing wall must be 
omitted for a distance of about 200ft., a flat 
or arched roof covers both tracks with a clear 
span of 37ft. 6in. The walls are 4ft. thick, 
carrying an arch that tapers to 3ft. at the 
crown, while the floor or invert is 4ft. Qin. 
thick. 
Circular tubes, built under the shield 
system, have a radius of 10ft. 2}in. inside 
and 12ft. 4}in. outside. At certain parts, 
where the line is near the surface, and the 
cut-and-cover system was employed, the 
section is a rectangular box, 5lft. 8in. wide 
and 2lft. 2in. high overall. Two single- 
track compartments are separated by a 
central wall. The floor, walls and roof are of 
reinforced concrete. The two compartments 
are 22ft. 84in. wide in the clear, with a central 
wall lft. 9in. thick and side walls 2ft. 3in. 
thick. The clear inside height is 1L5ft. 
General dimensions of the different types of 
subway design are given in Table II. 


Tasiz IT.—Dimensions of Chicago Underground Railways 
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Width at stations, island 
latforms Sak ese ae _ 48 6 sg 3 
Width at stations, side j 
platforms sso wee eee ee Oe — — 
Height, between stations ...| 20 114 | 20 11} | 24 5 
Height at stations, island 
platforms Sh ewe’, odd --- 24 5 25 8} 
Height at stations, side 
platforms eee ie —_ _ 
Widthinside ... ... ...| 15 0 15 0 20 5 
Width inside on curves, 
maximum ei Teve ‘paint +O — _ 
Height inside, from invert} 16 9} | 16 9} | 18 O04 
Height inside, from base of 
SRE... nce eee ove oes] 1G TH AB OTE | 16 10) 
Depth from street to plat-/ 
orm... ‘ Ste cal tine 44 to 48 





Stations.—Of the twenty-nine stations now 
built, sixteen are on the State Street and 
Clybourne Avenue line (Route No. 1) and 
thirteen on the Milwaukee Avenue and Dear- 
born Street line (Route No. 2). As is usual 
with stations on rapid transit lines, the plat- 
forms are high, level with the floors of the 
cars, and having their edges 4ft. above base 
of rail. The platforms are 500ft. long, except 
that in the heavy traffic “loop ”’ portions of 
the parallel State Street and Dearborn 
Street subways, where the platforms are con- 
tinuous between stations. Island platforms 
are 22ft. wide within the business district, 
but elsewhere they are 18ft. wide. Side 
platforms, which are used only where local 
conditions make them desirable, are 12ft. 
wide. 








width was determined by the adoption of an 


Ticket offices, pay turnstiles, concessions, 
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toilet rooms, and other station facilities are 
arranged on a mezzanine floor 17ft. below 
the street level, and supported on the tunnels. 
Stairways and escalators extend from this 
floor to the streets and the platforms. The 
platform level is 40ft. below the surface or 
sidewalk level in the “loop ” district and 
from 40ft. to 44ft. at other stations. The 


reversible, in order to accommodate the 
crowds of incoming or arriving passengers in 
the morning, and the crowds of outgoing or 
departing passengers in the early evening. 
At stations having central or island plat- 
forms, which is the usual arrangement, the 
track tunnels are spread apart for a spacing 
of 33ft. between centres, as shown in Fig. 5. 
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island platform stations on the circular tube 
lines the two tubes are built in the usual way. 
When both tubes have passed the station 
site the steel lining is removed from their 
adjacent sides and the intermediate material 
is excavated by hand for the platform space, 
as shown by Fig. 5. 





For stations with side platforms, Fig. 5, 
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mezzanine floor is approximately 65ft. by 
80ft. in plan, with a clear height of 7ft. 6in. 
Its structural framing combines steel columns 
and girders with reinforced concrete walls, 
floor and roof. Escalators have a vertical 
travel of 20ft., and with a width of 4ft. are 
estimated to have a carrying capacity of 8000 
passengers per hour per escalator. They are 
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STATION WITH SIDE PLATFORMS. 


Fic. 5—-VARIOUS SUBWAY SECTIONS 


With the intervening space excavated for 
the platform the roof arches are supported 
by longitudinal steel girders on two rows of 
platform columns, spaced 12ft. apart and 
with longitudinal spacing of 15ft. The 
smaller arch over the platform is also carried 
by these girders, which are composed of 





pairs of rolled steel joists or H-beams. At 


the tunnel construction is similar to that 
between stations, but the side walls are 
omitted and the arches spring from longi- 
tudinal steel girders supported on steel 
platform columns and giving a clear 
headway of 8ft. 6in. on the  plat- 
forms. From these girders also spring the 
smaller side arches, which are of 3ft. Tin. 
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radius. These side platforms are 12ft. wide. 

Stations in the “loop ” district are placed 
midway between cross streets so that the 
congestion of pedestrian traffic at crossings 
will not interfere with the currents of 
passengers entering and leaving the subways. 
Outside of this district, however, the 
stations—about half a mile apart—are 
located at street intersections, and have 
entrances and exits at the four corners. Each 
station has several entrance and exit stair- 
ways, 4}ft. wide, opening on to the sidewalks 
of the streets. Stairways are assumed to 
have a capacity of eighteen per minute per 
foot of width. To distribute traffic move- 
ments and to avoid confusion the entrances 
to escalators and stairways will be kept some 
distance apart, both at the station floor and 
at the platforms. No canopies or booths 
cover the sidewalk entrances and exits, 
mainly on account of their cost, but the 
arrangement appears likely to result in dis- 
comfort and inconvenience in wet weather 
and in times of heavy snow. 

Ventilation, Drainage and Illumination.— 
Ventilation of the tunnel and stations, when 
in operation, is to be effected by exhaust 
fans, supplemented by natural movement of 
air in the subway due to the piston action of 
the trains. Openings in the walls and roofs 
of the single-track tunnels are connected with 
shafts 45ft. apart and leading to sidewalk 
openings covered with gratings set in the 
pavement. Similar shafts a short distance 
in advance of the stations will serve to dis- 
perse the air current and prevent unpleasant 
velocity of air sweeping over the platforms 
due to approaching trains. Exhaust fans 
are installed at stations and also at points 
where the tunnels are at such depths as to 
make construction of ventilating shafts 
too costly. Similar fans installed in chambers 
in the tunnels will provide for ample venti- 
lation in case of emergency. 

All water entering the tunnel, including 
seepage through the walls and also rain 
water coming in through the stairways, 
incline portals and ventilating shafts, as well 
as water used in cleaning the platforms, &c., 
is led to sumps midway between stations, 
whence automatic pumps and ejectors deliver 
it to a city sewer above the subway. Wastes 
from the toilet rooms at stations will also 
be delivered to adjacent sewers by means of 
automatic ejectors. Electric lighting—direct 
and indirect—is planned to give an illumina- 
tion of 4 foot-candles in the stations and 
3 foot-candles on the platforms. It will be 
of the fluorescent type, supplemented 
by an independent emergency lighting 
system. 

Special features in the tunnels include 
pump rooms, fan rooms and splicing chambers 
on the electric ducts ; these last being acces- 
sible from the streets. Transfer tunnels, 
12ft. wide and 11ft. 3in. high, connect the 
platforms of parallel stations on the two 
subways to facilitate passengers exchanging 
from one line to another. Easily accessible 
emergency exits to the streets are provided 
at such intervals that in case of a stalled train 
or stoppage of traffic passengers would not 
have to walk more than an eighth of a mile 
on the emergency walk to reach a station or 
an emergency exit. Fly-over crossings are 
provided at two points to avoid level cross- 
ings, the twin tubes being separated and one 
carried over the other. 

Tramway Subways.—In the opening de- 
scription it was pointed out that the subway 
scheme as a whole includes certain lines by 
which some of the street car lines will be 
diverted underground through the business 
district in order to reduce the congestion of 
street traffic and to enable the cars to pass 
through the district in much less time than 


at present. This feature is not included in 
the present or initial work, but will form part 
of the. proposed second stage of subway 
development. It provides for two such tram- 
way subways. One of these would extend 
east in Washington Street from Clinton 
Street—west of the Chicago River—to a loop 





or reversing terminal under Grant Park, on 
the lake front. This line would utilise the 


present Washington Street tunnel under the 
river, now used by street car lines. The 
other subway would be south of the business 
district, i east under Van Buren 
Street and Jackson Street from Clinton Street 
to another loop terminal under Grant Park, 
These two lines would total about 4 miles 
and are estimated to cost £20,400,000. 


(To be continued) 








The Locomotive in Mechanical 


Position Up To THE PRESENT 


‘Fee progress of the steam locomotive can 
be viewed from several aspects, the most 
obvious being that of size and power. The 
advance in power has been continuous, but 
in recent years the limits of allowable size 
in this country have almost been reached, so 
increase in power per unit of weight, which is 
one form of efficiency, has been called for 
and achieved. In reliability, in lowness of 
repair costs, and as an effective means of 
moving traffic, the advance, although less 
obvious, has been equally steady. But in 
thermal efficiency—the net return in work 
done for each unit of heat supplied—it must 
be admitted that progress has been more 
halting, and for reasons which I shall explain 
it has lagged behind the advances made in 
the use of steam in marine and land 
installations. 

By the “ fifties ’’ of last century the details 
of British locomotive design had become 
more or less stabilised, largely as a result of 
the work of John Ramsbottom, who intro- 
diced split piston rings of iron, steel or brass ; 
the screw reversing gear; displacement 
lubrication ; and the water pick-up, which 
enabled the locomotive to take water from 
troughs between the rails when. running. 
From that time until the beginning of the 
present century almost the sole increase in 
basic thermal efficiency was that due to an 
increase in average boiler pressure from 
140 lb. per square inch to 180 lb. per square 
inch. The actual efficiency of the engine in 
running condition continued through all this 
period to fall far short of the theoretical 
figure, due to various cylinder losses arising 
from condensation, throttling, and leakage. 
There were reasons for this lull in progress. 
Cheap fuel and the absence of any spur to 
action from alternative forms of transport 
did not provide any powerful urge to do 
better. Scientifically exact means of 
measurement and comparison had not been 
developed, whilst the division of railways 
into small self-contained units set barriers in 
the way of interchange of experience. More- 
over, in few branches of engineering does the 
designer live in such close daily contact with 
his products throughout their working lives 
as does the railway mechanical engineer. 
The resulting preoccupation with reliability 
has tended to provide arguments against 
breaking away from practice which has been 
well tried in the past. 

This long period of relatively slow progress 
served to crystallise ideas on design into a 
definite British school of thought, and how- 
ever much the engines of the different rail- 

* Institution of Mechanical Engineers. Address by 
the President, W. A. Stanier, M.I. Mech. E. Slightly 
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ways might vary in colour and shape, in the 
fundamentals affecting their thermal eff. 
ciency they were extraordinarily alike. 
Further, so well established did this school 
become that it has persisted far into the 
present century, and numerous examples of 
this basic design are still running to-day. 
Many of them have been built in recent 
years concurrently with more efficient types. 
Simple, reliable and cheap to maintain, these 
engines move a considerable proportion of 
our traffic, and are beloved of the operating 
departments. There are 3250 of them on the 
London Midland and Scottish Railway 
alone. Fig. 1 shows a typical example. 
Apart from isolated instances, the first 
considerable and lasting break-away from 
the almost traditional form in this country 
was the work of Churchward. In pioneer 
work carried out from 1902 onwards a gain 
was made in theoretical efficiency by extend- 
ing the heat range, both upwards (by 
increasing the boiler pressure to 225 lb. per 
square inch) and downwards (by reducing 
the exhaust pressure as a result of improved 
valve events). The gain in actual efficiency 
was even more marked, owing to the big cut 
in cylinder losses—hitherto looked upon as 
unavoidable—achieved by the use of long- 
lap valves, and cylinders with direct ports 
and passages and minimum clearance volume. 
Churchward had the vision and the courage 
to combine all these features, some of them 
borrowed from French and American prac- 
tice, into a range of simple standard loco- 
motives which were many years ahead of 
their time (Fig. 2). It is interesting to 
recollect that these improvements were 
evolved from a consideration of first prin- 
ciples and by intelligent observation of what 
was going on in the world, and were not the 
result of scientific testing or research as we 
now know them. For this reason, amongst 
others, little record was made available of 
the practical steps involved, nor were any 
test results made known, so the importance 
of what had been done was not generally 
realised, and there was a long time lag before 
the characteristics of Churchward’s designs 
began to find their way on to other railways. 
The next notable advance was the intro- 
duction of the superheater. Attempts to 
produce a practical superheater had been 
made for many years, but the smoke type 
design originated by Schmidt in Germany 
was the first successful application, and 
between 1908 and 1912 superheating became 
accepted practice on practically all British 
railways. The steam temperature of about 
600 deg. Fah. obtainable thereby reduced 
condensation losses to a negligible quantity, 
and gave locomotive engineers a present of a 
15-20 per cent. drop in actual coal con- 
sumption, with no other effort on their part 
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than the application of a relatively simple 
apparatus. The fullest record of what was 
done at that time is contained in a paper by 
Sir Henry Fowler, and in its subsequent 
discussion. 

Paradoxical as it may appear, this windfall 
actually had the effect of retarding the further 
progress in improving thermal efficiency for 
many years, and led attention away from the 
fundamentals of Churchward’s success. With 
so much gained from superheating, loco- 
motive engineers were unwilling to believe 
that anything of much value could be 
obtained by abandoning their traditional 
cylinder designs and valve events. Indeed, 
it was held to be one of the virtues of super- 
heated steam that it could successfully 
thread its way through tortuous passages 
and past valves of small diameter. Except 
for the general adoption of piston valves in 
place of slide valves, which, with the wide 
piston rings then in use, did little to reduce 
steam leakage, no fundamental alteration in 
cylinder and valve gear design was made. A 
representative superheated engine of the 

riod is shown in Fig. 3. 

Churchward, on the other hand, realising 
that his own designs with their greatly 
improved cylinder efficiency, produced results 
as good as, if not better than, the super- 
heated engines on other lines, contented him- 
self with applying only a low degree of super- 
heat, with steam temperatures in the region 
of 500 deg. Fah. Thus the third stage of 
improvement, that of combining improved 
cylinder and valve gear design with steam 





the smaller as well as the larger types of 
engines on the different railways. 

[As examples the author illustrated four 
out of the range of standard locomotives on 
the London Midland and Scottish Railway, 
of which we reproduce in Fig. 5 a “ Corona- 
tion ” class engine. | 

The general advance in the past twenty 
years has been greatly facilitated by the 





Scottish services show a reduction of 40 per 
cent. in coal consumed per draw-bar horse- 
power, compared with those which were the 
best available in 1926. 

Many heroic individual attempts have 
been made to break away from normal 
designs, but without any of them having a 
lasting influence. Chief of these have been 
the continually recurring attempts to adopt 








FIG. 2—G.W. RAILWAY: CHURCHWARD’S “SAINT ’’ 


railway grouping, which, by bringing all 
kinds of locomotives into open competition 
which had never previously been compared 
on the same work, threw into high relief 
those types which were inferior, and made it 
possible to justify their replacement by more 
economical units. The London Midland and 








FIG. 1—MIDLAND RAILWAY: 


temperatures of 600 deg. Fah. or so, was 
delayed until the period of the last war. 
Except for a single small class of 44-0 
engines on the Lancashire and Yorkshire 
Railway which combined these features 
almost by accidext in 1908—the true value 
of which was not appreciated by the owning 
company—the first engines in this country 
so built were those of Maunsell’s 2-6-0 
design of 1917 for the South-Eastern and 
Chatham Railway, followed by the London 
Midland and Scottish Railway mixed traffic 
engines of the same wheel arrangement in 
1926. After th t date these features became 
fairly general throughout the country for 
new construction, as exemplified by such 
well-known locomotives as the later examples 
of Gresley’s ‘‘ Pacific’ engines, Maunsell’s 
“Lord Nelson” class, and Fowler’s “‘ Royal 
Scot.” The latter, which appeared in 1927, 
is illustrated in Fig. 4. 

The most recent stage of development has 
been a general refining of all the above 
features of design, and their application to 





t+ Fowler, H., 1913-14, Proc. Inst. C.E., Vol. 196 


page 77, ‘‘ Superheating Steam in Locomotives.” 














0-6-0 FREIGHT ENGINE, CLASS 3 


Scottish Railway in particular embarked on 
a bold policy of breaking up the old and 
inefficient types of the constituent companies. 
To-day 2000 engines on that line have 
cylinders of modern design and long-lap 
valve gear, as against only twenty-five in 1923. 
Of the total stock, 56 per cent. is superheated, 
and the engines working the heaviest Anglo- 








CLAss 4-6-0 ENGINE 


compound expansion, offering certain advan- 
tages, at least in theory. Only one class, the 
“ Midland ” compound, survives to-day, and 
I shall have something more to say on this 
subject in a later section. 

Turbines with condensing plant and high- 
pressure water-tube boilers have been tried 
in a number of ingenious applications, but 
none survives in this country at the present 
time. Indeed, the only “ abnormal ”’ loco- 
motive type ayailable for everyday active 
service is the London Midland and Scottish 
“‘Turbomotive,” which substitutes in the 
simplest possible manner a turbine and gear 
drive for the normal reciprocating lay-out. 
No condenser is fitted, so the increase in 
basic thermal efficiency compared with a 
standard locomotive is small. There are 
possibilities, however, of more economica! 
working at high power outputs, while the 
purely rotary working parts, being totally 
enclosed, may promote lower upkeep costs. 
This engine has now run 185,700 miles in 
express service, but data are not yet avail- 
able for a final summing up of all the results. 
Some particulars of its fuel consumption in 
comparison with that of normal types is 
given in the latter part of this address. 

Of non-steam motive power, the Diesel 
engine has so far, except for some light rail- 
cars, only established itself here in the field 
of shunting locomotives for intensively 
operated freight yards. The position of 
electrification is well known to you, but as 
very few electric locomotives are in use, it 
does not enter the scope of this address. 

Such then have been the main lines of 





development in the British locomotive up 
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to the present, and against this background 
we may now proceed to examine its status 
to-day. 


PRESENT PosITION 


Many factors influence the cost of 
traction per ton-mile, of which fuel con- 


plant as a whole on a basis of indicated horse- 
power. The first column represents a satu- 
rated steam engine as designed in the last 
century (of which many are still running) ; 
column 2 represents a superheated design of 
the period 1908-12, still retaining old- 





fashioned cylinder and valve gear design ; 
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sumption is only one, but thermal efficiency 
is particularly within the province of the 
mechanical engineer, and I shall therefore 
deal with this aspect first. 

At the outset I must repeat that for one 
reason and another we have hitherto been 
without means in this country for the scien- 
tific testing of locomotives. Comparative 
testing there has been in plenty, but because 
the locomotive travels over an undulating 
track and within severe restrictions of space 
and weight, and moreover since its operating 
conditions call for continual variation in 
speed and load, it has been much more diffi- 
cult than in land or marine work to isolate 
all the variables, and obtain absolute test 
figures for the amount of heat turned into 
useful work in the cylinders. I will refer later 
to the subject of testing, but I mention the 
matter here, in pointing out that we do not 
yet know definitely the actual efficiencies we 
attain. It is necessary, therefore, to estimate 
them, but this can nevertheless be done with 
some degree of probability, from the tests at 
variable speed on the road—the only tests we 
have so far been able to carry out in this 
country. These road test figures can be 
supplemented by data provided by constant- 
speed testing on the line and on stationary 
test plants abroad. 

Thermal Efficiency.—Table I attempts to 
set out the relative thermal efficiencies for 
different stages in the development of steam 
motive power, showing first of all the basic 
theoretical efficiency of the cycle, then the 
actual engine and boiler efficiencies, and 





finally an overall thermal efficiency for the 


column 3 the position of representative best 
present-day design in this country; while 
column 4 is illustrative of the work done by 
Chapelon in France and represents very 
nearly the best which can be expected from 
further refinement inthe normal reciprocating 


various features of power station practice 
could in fact be applied. 

The record of the locomotive is not, as is 
sometimes thought, entirely bad, and Table | 
shows clearly where it has advanced and 
where it still falls short. 

Boiler.—Thermally, the boiler is the most 
satisfactory part. The high heat absorption 
rate of the water-enclosed inner fire-box and 
the rapid heat transfer arising from high gas 
speeds along the tubes, combine to produce a 
high heating surface efficiency which does 
not drop appreciably at the maximum out- 
put of which the boiler is capable. The 
principal loss is that due to fuel being drawn 
off the fire-bed by the fierceness of the 
draught and expelled unburned from the 
tubes at high output of power. The overall 
efficiency exceeds 80 per cent. at low rates 
of combustion and falls along a practically 
straight line to about 50 per cent. when the 
boiler is forced to the limit of its output, 
which corresponds to about 200 lb. of coal 
per square foot of grate perhour. Boilers 
which are proportioned to work at an aver- 
age firing rate of 50-60 lb. per square foot 
grate per hour are capable of maintaining 
efficiencies in the region of 75 per cent., a 
figure which bears comparison with other 
types. The efficiency cited holds good for a 
wide variety of individual designs, and this 
type of boiler has also further solid advan- 
tages. It follows varying demands with 
great rapidity, having a considerable thermal 
storage capacity in the large quantity of 





water carried. It is capable of severe over- 


TaBLe I.—Approximate Best Thermal Efficiencies of Various Steam Locomotives 
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* Based on particulars given in Sir Leonard Pearce’s Thomas Hawksley Lecture, Proc. I. Mech. E., 


Vol. 142, page 305. 


1939, 


¢ Overall efficiency based on units generated, i.e., including factor for efficiency of generator. 
¢ Efficiency at motor shaft, corresponding as nearly as possible to efficiency in cylinder of direct-drive steam 


locomotive, 1.€., minus the final drive in each case, 


locomotive. The last column gives com- 
parative figures for an “ideal” application 
of the most advanced power station practice 
to the locomotive, leaving on one side for 
the moment the question of how far the 
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load and is not too sensitive to the quality of 
the water, while its weight and size are very 
moderate in relation to the output. Its 
cylindrical body possesses considerable 
rigidity and strength. Table II gives par- 
ticulars of some representative boilers. 
Without condensing, the thermal gains 
due to increasing the working pressure are 
only obtained at a diminishing rate, and 
beyond about 300 1b. per square inch the 
gain due to successive increments in pressure 
falls away rapidly. Since it is possible to 
design a normal locomotive type boiler for 
such a pressure, there is, therefore, little urge 
or justification for departing from the con- 
ventional type merely to secure thermal 
gains, and alternative water-tube designs are 
attractive only as a possible means of 
eliminating stays, to assist mechanical main- 
tenance ; they become of real interest as 
higher working pressures are envisaged in 
conjunction with condensing. , 
Engine.—A careful distinction must be 
made in considering engine efficiency. As 
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Table I has shown, the theoretical thermal 
efficiency even to-day lags far behind that 
of the power station, but this is largely due 
to the difficulties of finding space for the 
essential features of high-pressure turbo- 
condensing design as well as in the accom- 
panying weight restrictions. Thus in basic 
eficiency it is physical limitations which 
have offered obstacles to progress. In 
utilisation of the available theoretical effi- 
ciency, on the other hand, the locomotive has 
a very good record of progress, and the best 
modern designs are capable of realising in the 
cylinders as much as 84 per cent. of the 
utmost that theory allows. 

As against this, a large number of the 
older engines still running do not achieve 
more than 60 per cent. in this respect, due to 
severe cylinder losses. These consist of 
condensation, internal leakage past valves 
and pistons, throttling of the steam due to 


too, were marked by evening studies at 
King’s College and University College. In 
1895 he went to Elliott Bros., Ltd., at 
Lewisham, and served first as chief elec- 
trician and from 1898 to 1905 as chief engi- 
neer. In 1905 he left Elliott Bros. to become 
manager of the General Electric Company’s 
switchgear department at Manchester, and 
in 1906 was one of the founders of Erskine, 
Heap and Co., Ltd., switchgear manufac- 
turers, at Salford. 

In 1911 began his association with Mr. 
W. P. Digby, and the foundation of the firm 
of Heap and Digby, consulting engineers, in 
which Mr. W. Ryley subsequently became 
and remained a partner until his retirement 
in 1939. In the first three years the chief 
activities of the firm were connected with 
large power-house plants—steam,' hydro- 
electric, and oil—in widely scattered parts 
of the world, such as Tasmania, Chile, 





insufficient port and passage areas, and high 


Malaya, and Colombia. Many of those 


TaBLE II.—Particulars of Representative Locomotive Boilers (L.M. and S. Railawy). 























4-6-2 4-6-0 2-6-4 4-4-0 0-6-0 
“Coronation” Mixed traffic.; Tank engine.| Compound. | Standard 
freight. 
Working pressure, lb. per square inch 250 225 200 200 175 
Maximum barrel diameter ... ... ... 6ft. 5hin. 5ft. 8}in. 5ft. 3in. 4ft. 9hin. 4ft. 9hin. 
Length between tube plates 19ft. 3in. 13ft. 3in. 12ft. 3in. 12ft. 3in. 10ft. 10}in. 
Length of fire-box eos eee coe coe coef ‘Ot. Gin. Oft. 2 fin. 8ft. 6in. oft. 7ft. 
Evaporative heating surface, sq. feet— 
RU Ace Sis eed abs) lace!) on “Bae 2577-0 1478-7 1223-0 1169-7 1033-7 
Fire-box 230-5 171-3 | 143-0 147-3 123-8 
Total ... en ess peg eee sae 2807-5 1650-0 1366-0 1317-0 1157-5 
Superheated surface, square feet 856 359-3 } 245 291 253 
Grate area, square feet... ... ... 50 28-65 | 26-7 28-4 21-1 
Free area— | 
Small tubes, square feet ... 3-23 2-22 | 2-04 1-89 1-89 
Large tubes, square feet ... 3-66 2-54 1-89 1-58 1-58 
TOC WSO TOC on Ma nag one 6-89 4-74 3-93 3°47 3-47 
Total free area through tubes as percentage 
I OU aha oan. are coun. he9 ate 13-8 16-54 14-7 12-2 16-5 
Te.’ @ ig 3 - @ TT. '¢. Tia; 
Weight of boiler empty (fully mounted) ...| 28 3 2 17 16 3 2 3 15 16 2 13 7 0 
Approximate steam production, Ib. per hour 33,000 | 20,000 17,000 17,000 14,000 





back pressure due to restricted exhaust 
events. Such losses have been greatly 
reduced by superheating, by the introduction 
of valves and pistons having numerous 
narrow rings, by improved lubrication, and 
long-lap valve gear. More recently the work 
of Chapelon in France has underlined the 
importance of sufficient area of valves, ports 
and passages, and the benefit of streamlining 
them internally as far as possible to reduce 
resistance to the flow of steam ; and modern 
cylinder designs have been still further 
improved in this respect. 

All the last-mentioned improvements are 
applicable to the normal simple expansion 
engine, and at the outbreak of the war 
designs were on the board for a modified 
“Coronation” engine, which would carry 
300 lb. per square inch boiler pressure and a 
steam temperature of 750 deg. Fah., embody- 
ing the main results of Chapelon’s investiga- 
tions, but without making use of compound 
expansion. 


(To be continued) 








Obituary 





A. C. HEAP 


Artuour Crecit Haar, the third of the five 
sons of Mr. E. Heap, and the second of the 
three who followed an engineering career, 
was born on March 14th, 1872. He was 
educated at Eastcliffe House, Margate, and 
from 1888 to 1890 attended the City and 
Guilds Technical College. Next followed an 
apprenticeship with Gwynnes, Ltd., at 
Hammersmith, and four years as technical 
and research assistant to Major (afterwards 
Colonel) R. E. B. Crompton. Those years, 








plants were in connection with copper, tin, 
and gold mines. Of them, the most notable 
was the work carried out for Guggenheim 
Bros., of New York, for the Cobija power 
station and copper mine at Chuquicamata in 
Chile. Mr. Heap, after settling the specifica- 
tion and arranging the terms of the contract 
in New York, came back to deal with details 
of design and to supervise the construction 
of the generating plant, which was of a size 
and pressure then unknown in Europe. 
While small compared with the 105,000-kW 
turbo-generators now at Battersea, the 
10,000-kW three-phase generators and 
10,000-kW transformers stepping up to 
140,000 volts which he installed twenty- 
eight years ago at Cobija were noteworthy. 
At the time a 40,000-kW steam-driven 
station with oil-fired water-tube boilers on 
the sea coast and a 140,000-volt transmission 
line to a mine 120 miles away had not been 
previously attempted. To-day, Cobija power 
station has been doubled in capacity, and is 
probably, as it certainly was at its inception, 
the largest oil-fired steam-driven power 
station in the world. 

The 1914-18 war interlude interrupted 
the further extension of the overseas activity 
of the firm. From early 1915 to the middle 
of 1916, Mr. Heap was concerned in the work 
of the Ministry of Munitions, chiefly in dealing 
with munitions factories and their power 
supply. From the middle of 1916 to the 
end of 1919 he was with Vickers, Ltd., as 
superintendent of electrical manufactures, 
controlling the manufacture of all types of 


‘electrical machinery made at the various 


Vickers’ works and at the Metropolitan- 
Vickers Electrical Works at Manchester. 
From 1920 until his death on October 13th, 
1941, he was again engaged on consulting 
work. 


Mr. Heap combined a reticent modesty 
with an intense zeal for work, and his un- 
sparing devotion to whatever work was 
before him won the affection and esteem of 
all who worked with him. 








AN UNUSUAL TUBE DEFECT* 





TuE recent failure of a tube of an horizontal 
type water-tube boiler was found to be due to a 
rather unusual combination of circumstances. 
The boiler is one of a range of six, each of the 
two-drum land type, worked under natural 
draught conditions (jin. at chimney base and 
0-3in. at back of boilers), and fired by means of 
a chain grate stoker, the permissible working 
pressure being 3001b. per square inch. The 
position of the defective tube was in the bottom 
row and No. 9 from the left-hand side (fourteen 
tubes in row). This tube opened out suddenly 
for a length of 18}in., commencing at about 
4ft. 3in. from the front header when the pressure 
was 275 lb. per square inch, and through the 
opening the contents of the boiler were ejected. 
The original tube was 4in. diameter, and of 
6 standard gauge thick (0-192in.). : 

An examination of the.tube showed that, at 
about 4ft. 3in. from the front header and for a 
length of about 18in., it was wasted externally 
to practically paper thickness at each side of 
the tube for }in. to jin. in width in the circum- ~ 
ferential direction, but the two wasted parts 
were not diametrically opposite. The wasting 
by erosion was caused by the grit-laden products 
of combustion at two points of the tube’s cir- 
cumference over which the gases would pass 
at the greatest velocity, and this erosion was 
limited to a length of about 18in. The under- 
side of the tube externally over the fire was 
roughened, but only slightly thinned at this 
part. No doubt the roughened surface was 
due to the bombardment of grit particles, but 
the velocity of the gases at this point would be 
decreased owing to the changes of direction and 
the ensuing eddying effect. The close proximity 
of the adjacent tubes hinders measurement by 
caliper unless these are specially designed, and 
the eroded parts not being diametrically opposite 
the caliper, r1easurement will show the wastage 
on one side of the tube only. It is therefore very 
desirable that whenever a tube is renewed for 
any reason the opportunity should be taken to 
ascertain whether erosion or other defects have 
been set up. It should be made the practice to 
record all tube renewals, and any tubes in the 
lower rows not renewed for, say, a period of ten 
years, should be the subject of special con- 
sideration. 








Two Cars Mave into One.—In the autumn of 
1940 L.P.T.B. district trailer car No. 013167 was 
badly damaged by enemy action. Three-quarters 
of the length of the car was almost completely 
destroyed; one end was not seriously damaged. 
A week or so later metropolitan motor-car No. 
14,233 had one end wrecked and the remainder of 
the body deformed by blast blowing the roof 
upwards. It was decided to construct one motor- 
car from these two damaged cars. Car 14,233 had 
the damaged end cut off, all members including the 
sole bars and miain longitudinals being cut through 
on a vertical plane running just inside the first pair 
of double doors. The good end of car 013167 was 
cut through on an identical plane. Thus when the 
two: portions were butted together all members 
could be joined by welding without make-up pieces. 
Before bringing the two portions together, the roof 
members of car 14,233 were removed and reset to 
the correct shape. The sides of the ear were pressed 
out and the roof members refitted. The two portions 
having been lined up, the sole bars of the composite 
car and the main longitudinals were welded hy arc 
welding. Cover straps were also welded over the 
sole bar joints to give additional strength. Ihe 
original roof sheets.were then replaced, only one 
new sheet—that at the joint—being required. The 
interior woodwork was largely salved from the two 
cars, as were the majority of the fittings and seats, 
A car, No. 14,233, has thus been put into service, 
using very little new material other than glass- 
ceiling board, and two sheets of steel panel. 








* From the October issue of Vulcan. 
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THE _ FUTURE OF |THE TINPLATE TRADE 


THE Essendon Committee was appointed 
last July to report on the application to the 
tinplate industry of the policy of concentra- 
tion of trade under the Essential Work 
(General Provisions) Order, 1941, having 
regard to the measure of redundant plant 
existing in the tinplate industry. Since then 
the decline in the exports of tinplates, result- 
ing from Government restrictions upon the 


of the Lease-Lend arrangements and the 
almost total absorption of the British steel 
production in the war effort, has resulted in 
a number of tinplate works voluntarily 
closing down and the disposal of their labour 
force amongst other war industries. It would 
seem therefore that the problem which was 
set before the Committee has solved itself 
before that body was in a position to report. 
The situation, nevertheless, is not without its 
dangers, which are sufficiently apparent to 
create apprehension amongst industrialists 
in South Wales and other parts*of the 
country. Public men in South Wales have 
given utterance to their fears that the changes 
which may be recommended by the Essendon 
Committee or brought about by Government 
restrictions may be of a permanent character, 
and it is not surprising that the population in 
South Wales is concerned lest what may 
have been intended as a temporary war 
measure may result in permanently wrecking 
an important and valuable industry. Whilst 
it is generally felt that those best informed 
as to the needs of the country, which to-day 
mean war requirements, should be allowed a 
free hand to deal with the problems of the 
moment, there is a genuine fear lest the needs 
of the future are forgotten in dealing with the 
troubles of to-day. The British people 
cannot afford to lose sight of the necessity 
of restoring our iron and steel export trade, 
which has almost disappeared during the 
war. This aspect of the problem was brought 
vividly before the country when the Ministry 
of Reconstruction was formed, and it would 
bring relief to all sections of the public in 
South Wales were a reassuring statement 
made by that Government Department. 

Before the war the tinplate industry had 
to fight hard to maintain its position in 
various export markets. Its chief com- 
petitors were the United States, Germany, 
Italy, and France, in the order mentioned. 
In the year 1937 the United States produc- 
tion of tinplates, terneplates, &c., was 
2,170,000 tons; Great Britain, 955,000 
tons; Germany, 263,000 tons; France, 
121,000 tons. The Italian production was 
never published. Exports of these countries 
in that year were :—United States, 359,492 
tons; Great Britain, 462,255 tons ; Germany, 
134,752 tons; Italy, 21,678 tons; France, 
7,670 tons. The war may have as crippling 
an effect upon the tinplate industries of Ger- 
many, Italy, and France as upon our own, 
and much will depend upon those national 
industries which are quickest off the mark 
when hostilities have ceased. The need for 
preparing for the period of reconstruction will 
be probably less urgent in the case of other 
sections of the iron and steel trade than in 
the tinplate industry, since in the latter case 
it has been judged necessary in the national 
interests seriously to reduce productive 
facilities, whilst in nearly all other branches 
it has been necessary to expand them. Even 
to those who believe in a trade policy of 
appeasement in international trade, and par- 
ticularly in dealing with our own competitors 
in the export markets, the position is one of 
urgency. The war disrupted a number of 
international cartels, including the Tinplate 
Cartel, which worked an international agree- 
ment concerning export markets with the 
tinplate manufacturers of Great Britain, the 
United States, Germany, France, and Italy. 





export of tinplates arising from the influences 





done over a selected period. It is obvious 
that the British makers would not be in a 
position to make a claim for a representative 
export tonnage after having for a consider. 
able period deliberately reduced their exports 


to zero. On the other hand, if the carte] 
system in international trade is not revived 
after the war, the difficulties of regaining lost 
overseas markets may be almost insuperable 
unless adequate preparations for such a 
campaign are made beforehand. 

The nature of the preparations which 
must be made during the war to enable the 
industry to play its proper part afterwards 
in the world’s export trade must be decided 
beforehand by leaders of the tinplate industry 
and those in authority. If it is essential now 
to concentrate production in certain works or 
localities and to dissipate the labour forces 
of what are regarded as redundant works, 
it will be equally important then to expand 
the industry to at least its normal efficiency 
and productive capacity. A plan which is 
under consideration and to which great atten- 
tion should be paid is that the redundant 
works which are closed down, either after the 
report of the Essendon Committee or as a 
result of wartime restrictions, should be main- 
tained in a state of readiness to resume pro- 
duction when the opportunity offers itself. 
During the 1914-18 war the overseas markets 
were deprived of their supplies of tinplates, 
and when peace returned the starved coun- 
tries of the world rushed in to buy tinplates 
wherever they could. The world’s produc- 
tive capacity could not meet the demand, 
and the price shot up to the prohibitive figure 
of 77s. per basis box, compared with a normal 
figure of 14s. to 16s. There is little doubt 
that when the present conflict is over there 
will be another scramble for tinplates, but 
the lesson of the last reconstruction period 
should be remembered, and prices should not 
again be allowed to reach extravagant figures. 
Excessively high prices almost invariably 
are succeeded by abnormally low prices. 
For instance, the high price of 77s. was 
followed in a few months by a rapid decline 
to 33s. 6d., and then, in less than a year, to 
20s. Such violent fluctuations in price are 
little short of a disaster to an industry, and 
should be guarded against by the Department 
responsible for our post-war trade. The 
most efficient way of meeting such a situation 
is by giving the consumers, in whatever part 
of the world they may be, the material they 
need. To do this, the productive capacity 
of the British industry must be elastic, and 
the simplest and most practical way in which 
to do this would be to keep the idle works as 


a reserve to bring into the picture when the 


situation warrants it. The cost of such a 
programme should be met by co-operative 


action of the whole industry and the accumu- 
lation of a fund for this purpose should be 
possible during the war, when prices are con- 
trolled by the Government. The expenditure 
necessary must be regarded in the light of an 
insurance premium to enable the industry to 
meet the time of stress which will inevitably 
arise in the days of reconstruction. 


Fuel and the Government 
Coat as a fuel was the mainspring of the 


rapid industrial development of the nine- 
teenth century. But in the present century 
it has increasingly had to face the competi- 





This was based on quotas of export trade 





tion of its derivative gas, of heat, light and 
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power distributed from the great electricity 

stations of the grid, themselves for the most 
part users of coal, and particularly of 
imported fuel oil and petrol. So great, in 
fact, has been the growth of the importance 
to the national welfare of the fuel industry 
that it has necessitated from time to time the 
creation of departments of Government to 
look after and to regulate the affairs of its 
various sections. Before the war, coal and 
oil came under the direction of the Depart- 
ment of Mines, gas had a Gas Director in the 
Board of Trade, and electricity, as repre- 
sented by the Electricity Commissioners, was 
the responsibility of the Minister of Trans- 
port. War has wrought certain changes. 
Oil now has a Parliamentary Secretary of 
its own, whilst on the creation of the Ministry 
of War Transport, responsibility for the 
Electricity Commissioners was transferred 
to the Board of Trade. Since the Depart- 
ment of Mines is a branch of the latter body, 
it will be seen that the Board of Trade is now 
responsible for matters concerning all fuels. 
At the Fuel Luncheon Club on Wednesday 
of last week, Sir David Milne-Watson ex- 
pressed his own view that the time was now 
ripe for the various fuel sections of the Board 
of Trade to be brought together by the crea- 
tion of a Ministry of Fuel. 

Sir David’s case for the Ministry thus 
envisaged is based mainly upon conditions 
that are likely to exist when peace returns. 
He pointed out that though responsibility 
for the various fuels is now wholly with the 
Board of Trade, there is in the present 
arrangement no guarantee that after the war 
there will be no reversion to conditions 
similar to those ruling before, and added that 
the President of the Board of Trade “‘ charged 
with many other and diverse responsibilities,” 
could hardly be expected to devote to fuel 
problems the time and care which their 
importance merited. Moreover, the country 
was likely to be poorer after the war, and 
would need to depend to a greater extent 
upon its own natural resources, and in the 
consideration of the conservation of those 
resources, an individual section could not, 
but a Ministry could, act without bias. One 
other matter of which Sir David spoke may 
be mentioned. He feels that “ each fuel has 
its proper sphere, and is better adapted than 
others for particular purposes, but in the 
past, owing to the absence of any authority 
to prevent it, each has sought to impinge 
upon what has been regarded by others as 
their proper sphere. The result has been in 
many cases the use of fuels uneconomically, 
both from the point of view of the user and 
of the State.” A Ministry, Sir David feels, 
might be able to put‘an end to that kind of 
competition. 

There are remarkable points of similarity 
between the systems of the fuel industry and 
those of transport. In both cases the 
organisations concerned are of great national 
importance, and in both they are divided 
into mutually competitive sections, whose 
organisations exhibit wide differences. If 
the parallel is a true one, it is clear from the 
condition of transport before the war that 
the mere existence of a Ministry is hardly 
likely to end competition unless by restrictive 
Government legislation. It may also be 
added that although it is abundantly clear 
that there is much support for Sir David 
within the industry—the Secretary of the 





Institute of Fuel mentioned at the luncheon 
that each President for the last twelve years 
had advocated the creation of a Ministry— 
there are sections of it which, particularly 
after experience of Government control 
during the present war, do not want to see 
any extension of it, and fear that the creation 
of a Ministry might lead to its continuance 
when peace returns. They point to the fact 
that all sections of the industry are now under 
the Board of Trade, and consider that further 
unification of Government control is unneces- 
sary. Fuel users, no doubt, faced as they 
are by an embarrassingly large range of fuels 
from which to choose, would welcome any 
organisation capable of giving unbiassed 
advice. But they would be less pleased by 
any arrangement that had the effect. of 
forcing upon them a certain fuel for reasons 
that had little connection with their own 
affairs. It therefore seems that what is 
required is not necessarily unified direction 
or control so much as an increased co- 
ordination between the different sections 
of the industry which would bring to an end 
competition in those fields where the use of 
one fuel is clearly economically more sound 
than that of others, and form a basis for 
reasonably unbiassed consideration of the 
merits of the case where competition is better 
justified. Already, perhaps as a result of 
war needs, some degree of co-operation has 
developed. Whether in further developing 
that co-operation and co-ordination the 
creation of a Ministry of Fuel would be 
essential seems to be mainly a matter for the 
industry itself to decide. 








Letters to the Editor. 





(We do not hold ourselves responsible for the opinions of 
our correspondents.) 


LINKS IN THE HISTORY OF THE LOCO- 
MOTIVE 


Srr,—Smiles may have made a mistake 
about the name of the first S. and D.R. engine. 
In the “ Lives of G. and R. Stephenson,” pub- 
lished in 1862, the passages corresponding to 
those quoted by Mr. Brady (pages 166 and 174) 
have ‘‘ Locomotion ”’ substituted for “‘ Active.” 

C. F. Denpy MarsHALL. 
yuildford, October 24th. 


Sim,—Having been an interested follower of 
your “‘ Links in the History of the Locomotive ” 
for very many years, it is with much pleasure 
that I find yet another link in the series, in the 
interesting contributions by Mr. E. A. Forward. 
Mr. Forward mentions one of Stephenson’s 
engine drivers—Morror—who, by the way, 
ended his days in Leeds. This was Robert 
Morror, and it might be worthy of record that 
he died at Leeds and was buried at St. Bethel’s 
Congregational churchyard, Wortley. 

The inscription on the headstone is as follows : 
“In affectionate remembrance of Robert 
Morror, late of Darlington, who. died at 
Armley Hall, New Wortley, on 9th day of 
April, 1862, aged 73 years. 

“The above opened the Stockton and 
Darlington Railway, which was the first railway 
opened for public traffic in England.” 

W. J. BARKER. 





Leeds, October 25th. 





Sixty Years Ago 





Tue Limits To SPEED 


In our issue of October 28th, 1881, we pub- 
lished the first of three articles entitled ‘‘ The 
Limits to Speed,” by Professor Osborne 
Reynolds. Everyone, Reynolds said, was 
familiar with the fact that railway trains did 
not exceed a speed of 60 or 70 miles an hour, 
steamboats 25 miles an hour, carriages on 
ordinary roads 10 or 12, the fastest running 
animals a mile in two minutes, and the fastest 
bird a mile a minute. It was his object to 
discuss the circumstances on which those limits 
depended and in general the circumstances 
which imposed limits on the rate at which 
terrestrial objects could move. For years, he 
said, the greatest speeds on land and sea had not 
increased and we could not avoid surmising 
that further advance was obstructed by some- 
thing more fundamental than mere economy or 
imperfection of mechanical contrivance. A 
detailed examination of the problem led him 
to the conclusion that four main factors 
separately or together acted to impose limits 
to speed. There was a limit to the rate at which 
energy could be produced, the strength of 
materials was limited, there was a limitation to 
the capacity of discharging the heat produced 
by friction, and there was a limit to the elas- 
ticity of metals. He discussed several examples 
illustrating his thesis. The limitations in the 
strength of steel imposed, for instance, a limit 
to the speed of locomotives because above a 
certain speed the tyres would burst under the 
action of centrifugal force. The speed limit 
imposed on trains by reason of this factor was, 
he calculated, about 380 miles an hour. A much 
lower limit of speed, he continued, was set by 
the maximum forces which the coupling-rods 
could withstand. He held that those forces 
in coupling-rods as then commonly made were 
nearer the limit of safe working than was fully 
realised. ... We may perhaps be inclined to 
criticise Reynolds’ arguments in the light of 
developments which have occurred since he 
wrote the articles. Railway speeds of a 
hundred and more miles an hour over short 
periods are frequently achieved. At sea speeds 
of 40 to 50 miles an hour have been reached. 
On land motor-cars, in especially favourable 
circumstances, have touched 300 miles an hour 
while in the air speeds in excess of 400 miles an 
hour have been attained. Nevertheless, any 
device or machine involving a rotating wheel 
does seem to have its speed limited to a value 
in fair agreement with Reynolds’ 380 miles an 
hour. The fastest running wheel of which we 
have particulars is the fly-wheel of the ‘‘ Conte 
di Savoia’s ” gyroscopic stabilising equipment. 
That wheel has a diameter of 13ft. and a 
maximum speed of 910 r.p.m. Its peripheral 
speed is therefore about 422 miles an hour. This 
is, of course, the safe or working speed and not’ 
the bursting speed on which Reynolds based his 
calculations. 
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By H. RISSIK, Hons. B.Se. (Eng.), A.M.I.E.E., M. Amer. I.E.E. 


No. 


II 


(Continued from page 278, October 24th) 


THE DISTRIBUTION PARAMETERS % AND o 
AS APPLIED TO QuaLiITy CONTROL 


(Ss of the functions of the engineer is to 

devise and perfect operations which, 
when carried out, will produce things that 
people want. His concern is thus primarily 
with quality characteristics — dimensions, 
tensile strength, hardness, colour, finish, and 
such-like material attributes. At any rate, 
he must be able to make things having quality 
characteristics lying within tolerance ranges 
which he should be in a position to specify. 
From the purely engineering standpoint, he 
will regard the upper and lower limits of 
such a tolerance range simply as ‘“‘ manu- 
facturing limits,” that is to say, limits 
whose transgression immediately lands him 
with a defective and thus unwanted product. 
Such limits only enable the engineer to be 
wise after the event. They can serve merely 
ag a gauge for products already made. 

There is, however, another viewpoint 
from which the engineer can consider the 
tolerance ranges of his quality characteristics. 
This is the statistical point of view, from 
which the upper and lower limits of a 
specified tolerance range appear as “‘ control 
limits.” A range confined within such limits 
represents a target for the engineer to aim at, 
and the limits themselves can serve as a 
quality gauge for products not yet made. 
Such a statistical outlook involves the 
application of probability theory, whose 
implications have been discussed in a pre- 
vious article. To quote Shewhart, the 
pioneer of statistical technique as applied to 
the quality control of manufactured pro- 
ducts :— 

“ The engineer devises an operation and 
predicts that, if carried out, it will hit the 
target. But, since he does not have certain 
or perfect knowledge of facts and physical 
laws, he cannot be certain that a given 
operation will hit its target. The best that, 
in fact, he can hope to do is to know the 
probability of hitting the target. Here, 
then, is one fundamental way in which 
probability enters into everything that an 
engineer does.” 

Quality, as measured on samples or indi- 
vidual batches of a manufactured product, is 
not constant, but varies from sample to 
sample, or from batch to batch. These 
variations, which arise from numerous 
causes, are separable into two broad classes 
according as to whether they are “ signi- 
-ficant ” or “ non-significant.’”’ A non-signi- 
ficant variation is one that merits no investi- 
gation ; it is due to the operation of the laws 
of chance, whose calculus is the theory of 
probability. A significant variation, on the 
other hand, is one that indicates the presence 
in the production process of an assignable 
cause of variation in product quality whose 
operation, if allowed to continue, will sooner 
or later give rise to trouble. The manufac- 
turer should therefore be interested in iden- 
tifying and removing such assignable causes, 
while the engineer should be equally inter- 
ested in providing him with the means of 


approach a state of maximum control and 
obey the laws of chance, a knowledge of 
which provides maximum assurance that the 
results of repeating an operation will fall 
within previously specified tolerance limits.” 


doing so. If and when this is accomplished, 
so that the remaining variations in product 
quality are due only to the operation of 
chance causes, the production process is said 
to be in a state of “ statistical control.’ 
The operational technique available to the 
engineer for recognising the presence of 





“Tre Enomece~ 


FIG. 2 


assignable causes of variation in production 
processes is thus one based on statistical 
control theory ; that is, upon a theory which 
“contributes the hypothesis that it is 
humanly possible to remove assignable 
causes of variability in the repetitive opera- 
tions of the engineer until such operations 





When, such a state of statistical contro] 
has been reached, the variations in quality 
become predictable. Consider, for example, 
a representative series of quality observa. 
tions obtained by inspection of a production 
process over a period of time during which, 
from the engineering standpoint at least, the 
variations in quality seem to have been 
reasonable, #.e., they have not given rise to 
trouble in subsequent manufacture. What 
guarantee is there that henceforth the pro. 
cess will not give rise to trouble in the future? 
To answer this question it is necessary to 
subject the observed quality data to a statis- 
tical analysis. As has already been made 
clear,? a statistical examination of such a 
series of observations reveals the existence of 
a certain relation between particular values 
of the quality characteristic and the fre- 
quencies with which they occur, a relation 
known as a frequency distribution. If the 
production process is in a state of statistical 
control this frequency distribution will 
appear as shown diagrammatically in Fig. 2, 
where the series of observations is considered 
as a sample of the grotiert quality. It will be 
observed that the larger the sample, 7.e., the 
greater the number of observations in the 
series, the more regular does the distribution 
become, and the more nearly does it approach 
towards a smooth curve. In the limit, the 
frequency distribution becomes the bell- 
shaped curve illustrated in the lower diagram 
of Fig. 2. 

This particular frequency curve is the 
so-called ‘‘ normal curve,” representing the 
Gaussian frequency distribution, or law of 
error, whose equation is 


(x—zx)* 
ee 
where N is the number of observations (total 
frequency), Z is their mean value, and a is 
their standard deviation. The unique feature 
of this frequency curve is that its known pro- 
perties can be applied to a statistically con- 
trolled series of data for which Z and o have 
been calculated. In other words, if a series 
of N observations obtained under conditions 
of statistical contro! is condensed in the 
manner already described, the parameters 





(8) 





Z and oa of the observed frequency distribu- 
tion preserve for future use all the statistical 
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1 Vide H. Rissik, “‘ Statistical Methods in Engineering 


Practice,” Part I, THe Enoinezr, November 29th, | op. 
1940, pages 357-359. 





- 1940, pages 341 and 342. 





*¥or a discussion of this concept, see H. Rissik, 





cit., Part II (a), Toe Enornzzr, December 6th, 





information contained in the original data. 
In particular, it is known that all but 0-27 per 
cent.—in practice, all—the observed values 
of the quality characteristic x will lie within 
a range of plus and minus 3 o about their 
mean value %. Hence the practical criterion 





5 See the first part of this article. 
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of statistically controlled quality (i.e., quality 
whose variations are solely due to chance) is 
that, in any observed sequence of values of 
a quality characteristic-«, all the values 
should fall within the range 7+3c. It is 
these limits, +3 ¢ and Z—3 a, which, when 
embodied in the so-called quality control 
chart, enable the engineer to tell at a glance 
whether or not a production process is in a 
state of statistical control. 

The two principal uses of the quality con- 
trol chart are illustrated by Figs. 3 and 4, 


‘ROL, 
SET UP 
APRIL a 
26 27 26 29 2 
bw ? bus Pe UTE oD 





+co. Referring to the example of Table IV 
and Fig. 1, the smooth curve shown in Fig. 
1 (a) (ante) is the normal curve having the 
same total area (N=95) as the actual histo- 
gram, the same mean value (=45,695 lb. per 
square inch), and the same standard devia- 
tion (o=2820lb. per square inch). The 
corresponding ogive is shown in Fig. 1 (b) 
(ante). It will be observed that whereas the 
50 per cent. ordinate (2 f=4N) for the 
actual frequency distribution occurs at the 
median value (x=46,060), for the equivalent 
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reproduced from the American Standards 
Association’s recently issued specification 
“ Guide of Quality Control.”> Fig. 3 shows 
the application of such a chart to the analysis 
of a series of observed values of some quality 
characteristic, with a view to determining 
whether there has been lack of control in the 
production process which yielded these 
values. In other words, it illustrates the use 
of the quality control chart as a means for the 
judgment of statistical control. Fig. 4 indi- 
cates the features of such a chart when 
applied to the controlling of quality during 
production. Here the control limits 7+30¢ 
form a basis for future action; they draw 
immediate attention to potential trouble. A 
control chart embodying only ‘“ manufac- 
turing limits” cannot possibly do this; it 
can merely draw attention to actual trouble. 
In the latter case it is too late to do anything, 
but in the former case there is still time for 
taking action to eliminate the assignable 
cause before trouble actually develops. 


THE Use oF PROBABILITY PAPER IN 
DETERMINING THE DISTRIBUTION 
PARAMETERS Z AND o 

In accordance with the mathematical 
theory of frequency distributions, the area 
under a frequency curve y=F (z) between 
the limits z=, and x=, is the aggregate 
frequency in the interval from 2, to 2. In 
the case of the normal curve y= ® (zx) defined 
by equation (8), the cumulative frequency 
up to any value ~ is therefore given by 


z 
p= [ @(x).dzx . 


The curve represented by equation (9) is 
the ogive of the “normal” curve. When 
graphed on an algebraic scale it is an S- 
shaped curve which is symmetrical about its 
point of inflection at z=%. The ordinate is 
zero at == —oo, } N at z=Z.6 and N at z= 


(9) 





‘For an elementary discussion of quality contro} 
charts and their construction, see H. Rissik, op. cit., 
Part II (6), To# Enarnger, December 13th, 1940, 
pages 372 and 373. 

5 American Defense Emergency Standard No. Z 1.1— 
1941. The corresponding specification, No. Z 1.2—1941, 


entitled ‘Control Chart Method of Analysing Data,” 


— in detail with the construction of quality control 
charts, 

°I.e., the median coincides with the mean. So also 
does the mode. 


1 5 10 1S 
SUCCESSIVE SAMPLES OF # UNITS EACH 


theoretical distribution—the ‘‘ normal ”’ dis- 
tribution having the same parameters Z and 
o—it occurs at the mean value (745,695). 
This at once suggests a graphical method for 
determining the mean value of any observed 
frequency distribution. The problem is how 
to draw the ogive of the equivalent normal 
curve without prior knowledge of the para- 
meters % and o which determine its shape. 

Before indicating the one, simple answer 
to this problem, it is necessary to consider 
further the property of the normal frequency 
distribution defined by equation (9). If the 
limit of integration is expressed not directly 
as a value of z, but in terms of the deviation 
of this value from the mean 2; and if, 
moreover, this deviation is expressed as a 
multiple ¢ of the standard deviation o, then 
x=Z+to, and the cumulative frequency 
becomes 

@+to 
Zf= (* ®@ (xz) .da 
~ co 

This integral has been evaluated and the 
following tabulation gives a few correspond- 
ing values of t and 2 f :— 


(10) 


t > f. 

—3 = 0-001N 

Pat — 0-023 N 

a i 0-159N 

0 a 0-500N 

+1 id. 0-841 N 

+2 a 0-977N 

Se et ee 
The standard deviation o of the normal fre- 


quency curve is thus the intercept between 
the 16 and 50 per cent. ordinates, or between 
the 50 and 84 per cent. ordinates of its ogive. 
(The seven points corresponding to the above 
tabulation are indicated on the equivalent 
theoretical distribution of Fig. 1 (0).) This, 
in turn, suggests a graphical method for 
determining the standard deviation of any 
observed frequency distribution. Here, again, 
the problem is how to draw the ogive of the 
equivalent normal curve without prior know- 
ledge of its parameters z and o. 

This particular problem is readily solved 
by means of so-called probability graph 
paper. Referring to Fig. 1 (5), it is seen that 
the ogive of the normal distribution is a 
smooth S-shaped curve symmetrical about 
the 50 per cent. ordinate at z=%. Now 


stretched in such a way that this ogive 
becomes a straight line. The amount of 
stretching required will be least around the 
central ordinate, p=(Z f)/N=0-5, and will 
gradually increase as the distance from this 
central ordinate increases. Graph paper so 
ruled that the graph of equation (9) plots as 
a straight line is known as probability paper.’ 
Its obvious use lies in determining how 


© Observed Values 
x Theoretical Values 


Percentage of Test Specimens whose Tensile Strength is Less than x Lb. per Sq. In. (p) 


0-01 


inet aie Tensile Strength Lb. per Sq. In. (x) a 


Fic. 5 


closely an observed frequency distribution 
approximates to the “normal” form. 
Thus hy plotting the relative cumula- 
tive frequency p=(2f)/N of a variable x 
for an observed distribution on probability 
paper, one can see at a glance how nearly 
the points lie on a straight line. 

Having thus plotted a series of points 
(x, p), the next step is to draw a fair straight 
line through them. This line then represents 
the ogive of the theoretical (“ normal ”’) 





Percentage of Samples whose Breakdown Voltage is Less than x 


800 = 900 1300 =1400 
“THE ENGINEER” Breakdown Voltage (x) @ 
Fic. 6 


distribution equivalent to the actual distri- 
bution whose ogive in turn is represented by 
the succession of straight lines joining up 
the plotted points. The x-value of the point 
where the straight-line ogive crosses the 
50 per cent. (p=0-5) line on the probability 


paper is then the mean value z of the 


observed frequency distribution, while the 
projection on the z-axis of the interval along 





7So called because the “normal” or Laplacian dis- 
tribution occurs | ly in probability theory. Certain 
discontinuous probability distributions, e.g., Bernouilli’s 
binomial and Poisson’s exponential distributions, tend 








imagine the vertical scale of Fig. 1 (6) to be 


towards it as a limit. 
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this ogive between the 16 and 50 per cent. 
lines (or the 50 and 84 per cent. lines) on 
the paper gives the standard deviation o of 
the observed distribution. The results of 
this simple graphical process as applied to 
the data of Table III are shown in Fig. 5, 
from which it is seen that 45,700 lb. per 
square inch and o=2800 |b. per square inch. 
These values agree sufficiently closely with 
the actual values (Y=45,695 and o=2820), 
caiculated by the analytical method described 
in connection with Table IV, to warrant 
the adoption of the graphical method in 
practice. No computation is necessary. All 
that is required is a cumulative frequency 


TaBLE V.—Percentage Values to be Sel. 


and o=168 volts, as compared with 7=976 
and o=173-5 by direct calculation, using 
equations (1) and (5) respectively. The 
extreme simplicity of this variant of the 
graphical method for determining 7 and o is 
at once apparent. 

The advantages attaching to the use of 
probability graph paper in the solution of 
statistical problems involving a determina- 
tion of the mean and standard deviation of 
a series of quantitative data are so great that, 
in the author’s opinion at any rate, the 
graphical method is nearly always to be pre- 
ferred. Both the “ arithmetic ” and “ loga- 
rithmic ” forms are generally available,® the 





ted on Probability Scale 





























Obser- Available number of observations. 
vation ——— — a 
No. 5. | 6. | ae ae 9. 10. 15. 20. | 26: 
1 10 | 83 | 7-1 | 6-25 5-6 5 3-3 25 | 2 
2 30 | 25-0 21-4 | 18-75 16-7 15 10-0 7-5 | 6. 
3 50 41-7 | 35-7 | 31-25 27-8 25 16-7 12-5 10 
4 70 58-3 | 50-0 | 43-75 38-9 | 35 | 88-3 17-5 14 
5 90 75-0 |} 64-3 | 56-25 50-0 | 45 30-0 22-5 | 18 
6 on 91-7 | 78-6 | 68-75 61-1 | 655 36-7 27-5 22 
7 - — | 92-9 | 81-25 | 72-2 | 65 43-3 32-5 | 26 
a. . — | 93-75 | 833 | 7% 50-0 a5 | 
9; - —- | See | BS 56-7 42-5 | 34 
10 a } — | 9% 63-3 47-5 38 
ll = 70-0 52-5 42 
12 76-7 57-5 46 
13 | s 83-3 62-5 | 650 
14 90-0 67-5 | 54 
15 96-7 | 72-5 58 
16 ee | 62 
17 | 82-5 | 66 
18 87-5 | 70 
19 92-5 | 174 
20 97-5 | 78 
21 . 82 
22 - P) tee 
23 | 90 
24 94 
25 | 98 
| 


tabulation of the observed data (e.g., Table ITI 
based on the grouped frequency distribution 
of Table IT). 

There is, however, one important excep- 
tion to the practical application of the 
graphical determination of Z and o in the 
manner outlined above and illustrated by 
Fig. 5. When the number of observations is 
less than 25, a frequency tabulation of the 
data is generally of little value from a pre- 
sentation standpoint, and—what is more 
important—may lead to considerable group- 
ing errors, particularly if N<10. In such 
case it is preferable to plot the individual 
observations, after first having arranged 
them in ascending order of magnitude 
(ungrouped frequency distribution). The 
appropriate percentage value to be selected 
on the probability scale for each successive 
observation may be found from Table V. 
In general, the first observation in the 
sequence should be plotted on the “ prob- 
ability ’’ line whose value is 50/N per cent., 
and the succeeding (N—1) observations at 
equal intervals of 100/N per cent. 

Consider, by way of example, the following 
values of breakdown voltage obtained on 
ten samples of a certain paper insulation as 
used in cabie manufacture :—- 

980, 830, 1120, 845, 1020, 675, 910, 
1225, 980, 1175. 
When arranged as a frequency distribution 


they give :— 
Observation Breakdown Percentage 
No. voltage. value. 
Ree ve S75... 5 
ae 830 15 
- 845 25 
i 910 35 
S. 980 45 
6.3 980 55 
: Sha 1020 65 
C2 1120 75 
9. 1175 85 
10 1225 95 


The resultant plot on probability paper is 
shown in Fig. 6. A straight line drawn 





latter being used when the variable is 
measured on a.logarithmic scale (e.g., loud- 
ness or attenuation measured in decibels). 








The Compass and Other Aids 
to Navigation* 
By FRED C. STEWART 


Our national interest—especially at the 
present time—is on the sea, and as the develop- 
ment of the mariner’s compass as a precision 
instrument was largely carried out in Glasgow 
by Lord Kelvin, it appeared to me that a brief 
survey of the principal items of the navigator’s 
armoury would be of interest to the Institution. 


THE MAGNETIC CoMPASS 


In the past—and even now—among lands- 
men, @ magnetic compass has been regarded as 
an extremely simple instrument, comprising a 
magnetic needle poised on a pivot which will 
always point truly to the magnetic poles and 
thus constitute a simple and true direction 
finder. The seafarer knows better, and realises 
that a good and trustworthy compass must be 
very carefully designed, arranged correctly on 
board ship, and treated in such a manner that 
the many and varied disturbing forces—both 
magnetic and mechanical—-that are met with 
on board ship may be annulled or compensated. 
Though the directional properties of a magnet 
or of a magnetised needle appear to have been 
known to the Chinese since 2000 B.c., and 
rediscovered in Europe five or six centuries 
ago, the perfection of the theory of the instru- 
ment had its beginning in the early part of the 
nineteenth century. Navigators like Captain 
Cook in the eighteenth century began to 
observe, even in wooden ships, disturbances of 





® Both forms of probability paper can be obtained 
from Wightman Mountain, ltd, Artillery House, 
Artillery Row, London, 8.W.1. This firm suppliés a 
series of graph papers in which “ arithmetic probability ” 
is Data Sheet No. 37, and two-cycle “ logarithmic 
probability ’’ is Data Sheet No. 49. 


* Presidential Address—The Institution of Engineers 


the compass due to the curious distribution of 
the earth’s magnetism, and Halley made maj, 
of the magnetic variation over some parts of 
the earth. However, no real progress in the 
theory and understanding of compass disturb. 
ances was made until the work of Captain 
Flinders at the beginning of the nineteent}, 
century. Flinders’ work rescued the compass 
from the disrepute into which it had fallen, due 
to the lack of understanding of the causes of 
the disturbances that had been observed. By 
careful observation and deduction Captain 
Flinders traced some of the important causes 
of variation in the directional qualities of the 
magnetic compass to magnetism induced by 
the earth’s field in vertical stanchions and other 







iron objects built into wooden ships in which he 
sailed. He went further and compensated these 
effects by fitting a vertical iron bar near the 
compass, so placed as to counteract the effect 
of the other vertical iron parts about the ship. 
This compensating vertical iron bar is used in 
modern compass binnacles, and is known as the 
Flinders bar: 

The introduction of iron ships greatly 
increased the disturbances of the compass and 
led to an intensified investigation into the causes 
and cure. Another seagoing captain who sailed 
in whalers, Captain Scoresby, carried the matter 
further and studied the magnetic. effects of 
various classes of iron used in the eonstruction 
of ships in those days. The subject was taken 
up by Sir John Ross, Sir Edward Parry and 
Captain Sabine during a number of exploring 
voyages. Later, the then Astronomer-Royal, 
Sir G. B. Airy, and Archibald Smith put the 
theory of compass deviation on a sound basis, 
and Smith, studying the matter mathematically, 
produced the theory upon which the compensa- 
tion of compasses is carried out now. In 1839 
Airy made a complete series of experiments on 
the deviations caused in two iron ships, during 
which he turned the ships in every direction 
and made observations, thus beginning the 
practice known as ‘‘ swinging the ship ”’ for the 
determination and compensation of compass 
deviations which is still performed. Airy not 
only thus ascertained the deviations on different 
courses, but, having confirmed the earlier 
observation of Captain Johnson that the iron 
ship possessed permanent magnetism, he devised 
means of compensating for this permanent 
magnetism by the use of magnets placed in the 
appropriate position and direction near the 
compass. These efforts having laid the basis, 
other investigators and observers udded to the 
structure until it was possible to compensate 
for all the causes of deviation due to the iron 
of the ship. The mathematical theory elabo- 
rated by Archibald Smith was completed in 
about 1861, and at the same time Captain J. F. 
Evans, of the British Admiralty, gathered a 
vast amount of information by careful observa- 
tions upon the iron ships of the Royal Navy. 
A coherent theory and a practice was thus built 
up leading to a proper understanding of the 
magnetic compass under all practical conditions. 
However, with the mariner’s compasses 
which were then in use both in the Navy and on 
merchant ships, the most careful compensation 
left residual errors which it was not possible to 
eradicate. Though these errors were not always 
large, they had a definite nuisance value. The 
work of Lord Kelvin led to the re-design of the 
mariner’s compass itself, and he laid down the 
rules for the design of compasses which could be 
compensated correctly on iron and steel ships. 
His conclusions are embodied in the standard 
ship’s compasses of to-day, and navigators owe 
a heavy debt to this great man, who was indeed 
the pioneer of modern navigation. He not only 
perfected the compass, but devised many other 
aids to navigation at sea that are used regularly 
to this day. Being himself a practical navi- 
gator, his* inventions had immediate actual 

value and his apparatus always possessed those 
marks of genius, simplicity and fundamental 

soundness. His work on the mariner’s compass 

appears to have begun when, in 1874, an article 

on this subject was projected for the journal 

Good Words. Lord Kelvin was profoundly dis- 

satisfied with existing constructions, which he 

found full of faults, both mechanical and mag- 

netic. He proceeded therefore to consider the 
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five years—after which he finished the projected 
article, having meanwhile designed what was 
then a revolutionary instrument, the good 
qualities of which are indicated by the fact that 
his compass is still adopted, particularly for the 
standard compass on board ship, practically in 
the form in which he designed it. 

The principles of the design were simply 
stated thus :— 


(1) For steadiness, a very long vibrational 
period of swing is necessary and friction at the 
pivot must be kept low by using a very light 
compass card. 

(2) The compass needles must be short, in 
order to allow the compensation against ship’s 
magnetism to be accurate on all courses for the 
place where the adjustment is made. 

(3) The magnetic moment of the needles 
must be small, to allow of the quadrantal com- 
pensation to remain accurate in whatever part 
of the world the ship may go. 5; 

The work led to an extremely simple compass 
involving the well-known dry compass card. 

In the liquid compass the magnetic needles 
and the card are immersed in a liquid such as a 
mixture of alcohol and water, so that its motions 
are steadied by the damping effect of the liquid. 
With scientifically designed forms, liquid com- 
passes can be compensated against ship’s 
magnetism practically as completely as the 
standard dry card, but many ¢ypes are fitted 
with such powerful magnets that it is not 
possible to compensate or “ adjust’? them so 
completely. On account of their dead beat 
qualities liquid immersed compasses become 
necessary in such vessels as submarines, torpedo 
boats and light, high-speed craft. The damping 
of oscillations by the liquid is accompanied by 
a somewhat troublesome defect, namely, that 
on a quick turn of the vessel the liquid gets into 
a swirl and carries the compass card off its 
correct reading, the error subsiding only after 
some interval of time when the vessel has 
finished the turn and entered a straight course. 
This defect is minimised by using a compass 
card of considerably less diameter than that of 
the containing bowl, so that the compass card 
edge is further from the periphery of the bowl. 
The normal liquid compass system is much 
heavier than the dry card, and is therefore pro- 
vided with a float which relieves the pivot of 
much of the weight of the moving system. Ifa 
liquid compass is damaged it cannot be repaired 
on board the ship, and in this respect the dry 
card compass shows an advantage, since a new 
pivot or jewel bearing or a spare compass card 
and system can be fitted in a few minutes. 

To show that the design and construction of a 
really good compass involves a good deal of 
investigation, both mathematical and physical, 
I will refer to one instance. In practically all 
marine compasses a single needle is never used ; 
the moving system is composed of two or more 
magnetic needles attached to a compass card. 
It would at first appear that the needles of a 
two-needle compass system could be fixed at 
any distance apart so long as they were parallel, 
but this is not so. There is one disposition 
of these two needles that will eliminate from the 
compass certain periodic errors round the circle 
and at the same time eliminate the mechanical 
wobbling effect that might otherwise appear in 
service. A mathematical investigation into the 
matter shows that with the two-needle compass 
system the needles must be spaced in such a 
way that the distance between their ends sub- 
tends an angle of 60 deg. at the centre of the 
compass card. An equivalent disposition is 
required in a compass card comprising four 
magnetic needles. In liquid damped compasses 
there are involved in the design further con- 
sideration, such as the character of the liquid, 
the best viscosity, all of which have involved 
research in order to achieve the optimum 
results. Add to all this the practical considera- 
tions involved in construction, and it will be 
appreciated what the navigator owes to the 
conscientious designer and constructor of his 


compasses. 
THE Gyro Compass 

The gyro compass is now well established and, 
though much more expensive than the magnetic 
compass and requiring electric power to run it, 
has characteristics of great value in navigation. 


Though it is subject to certain secondary 
corrections, it has the advantage that it points 
in the direction of the geographical poles 
instead of in the direction of the magnetic poles ; 
consequently it points along the meridian pass- 
ing through the position of the ship. The 
indication of the magnetic compass has, of 
course, to be corrected for magnetic variation, 
which changes with position on the earth 
(charts are available which give the amount of 
the magnetic variation at any place), while the 
gyro compass does not require this correction. 
Moreover, since it is not operated by the earth’s 
magnetic field, a gyro compass may be placed 
in @ position on board a vessel of war, for 
example, inside a steel structure into which the 
earth’s field does not penetrate sufficiently to 
operate a magnetic compass. Since, however, 
gyro compasses cease to operate if the electric 
supply fails, vessels carrying them also carry 
magnetic compasses. 

The principle of operation of the gyro compass 
does not properly enter into this address, but it 
may be said that it depends on the fact that a 
fast-spinning wheel tends to maintain its axle 
in a fixed direction in space. By organising this 
tendency and constructing the apparatus with 
the necessary freedom it can be made to main- 
tain its axis parallel to that of the earth so long 
as it remains spinning, and therefore to main- 
tain its axle pointing along the true meridian, 
that is, north and south. 

The indications of the gyro compass are 
readily transmitted electrically to a number of 
receivers, which can thus show the vessel’s 
course at all times, wherever the information 
is required by the ship’s personnel. There is 
also power enough in the action of the gyro 
compass to allow it to operate, again by elec- 
trical means, an automatic helm control which 
eliminates human errors and shortcomings. On 
a long voyage this feature leads to a straighter 
course and a corresponding saving of fuel as 
compared with the inevitably wavy course 
resulting from hand steering. 


SEXTANT AND CHRONOMETER 


The sextant, invented by Sir Isaac Newton 
and first made by. the instrument maker, 
Hadley, uses the very simple laws of reflection 
from a plane mirror in order to measure the 
angle between the two visible distant objects 
or to measure the altitude above the horizon 
of the sun or other heavenly body. 

In order to determine the longitude of the 
ship’s position at any time the ship’s chrono- 
meter supplies Gréenwich time always instead 
of ‘‘ time at the place,” so that longitude can 
be directly computed from a knowledge of 
Greenwich time and time at the place. The 
chronometer is simply a very accurate and 
steady timekeeper, so arranged and supported 
as to be unaffected by changes of temperature, 
motion of the ship, and so on. So much was the 
want of such an accurate marine timekeeper felt 
that by Act of Parliament in the eighteenth 
century a prize of £20,000 was offered for a 
chronometer that would allow of the computa- 
tion of longitude within a stated error. Harrison, 
after much patient work, put forward his 
chronometer for the prize. It was tried on a 
voyage to Jamaica in 1761, proving successful, 
and the prize was ultimately awarded to him. 
To-day, while the chronometer is still, of course, 
carried for the purpose of navigation, radio 
time signals are available both for the purpose 
of ascertaining the longitude and for checking 
the rate of the chronometers on board the ship. 


SouNDING 


The first duty of a captain is to ensure that 
he has enough water below his ship. In the 
old days this was accomplaished by practically 
stopping the ship and lowering a plummet with 
a marked line until it bottomed, reading the 
depth by the marks on the line.“ Stopping or 
slowing the ship was expensive, and it became 
necessary to take soundings with the vessel 
under way. This, however, meant that prac- 
tically the whole personnel of a watch had to 
combine to haul in the plummet owing to the 
great drag on the heavy rope as it was drawn 
transversely through the water by the ship. 

Lord Kelvin appears to have been the first 








to try to effect soundings by means of a thin 





steel wire, the drag on which was small ; his 
experiments in this direction were successful 
and led to the sounding machine bearing his 
name, which is now used both in the Navy and 
on merchant ships. This machine, using a thin 
stranded steel wire, has in recent years been 
designed in such a form as to allow of sound- 
ings while the ship is going at speed. These 
sounding machines are fitted with a con- 
trolling brake so that the sinker and wire run 
out under controlled conditions. Since when 
sounding with the vessel at speed the line 
between the plummet or sinker will be standing 
at an angle when the sinker reaches bottom, the 
length of wire out which is indicated on the 
machine is greater than the vertical depth from 
ship to sea bottom. From experiment the 
relationship between the wire out and the 
vertical depth with standard sounding wire is 
known up to certain speeds. In any event the 
true sounding can be registered by the hydro- 
static depth recorder attached to the sounding 
line near the sinker, the reading of which can be 
observed when the sounder is hauled in; that 
reading is, of course, independent of the angle 
of. the sounding wire. 

The chemical sounding tube is of interest. 
It is a simple glass tube which is housed in a 
guard casing attached to the sounding wire 
near the sinker. The glass tube, about 24in. in 
length, closed at the top and open at the bottom, 
is lined internally with a coat of gelatine carrying 
a silver compound. As the tube descends below 
the surface the increase of pressure in the water 
compresses the air in the tube. Consequently, 
sea water enters the tube from the bottom end 
and reacts with the silver compound, changing 
its colour. When the sinker and sounding tube 
are hauled in the tube is removed from its 
guard casing and the distance that the sea 
water entered is measured by the length of the 
discoloured portion of the tube lining. This, of 
course, measures the amount of compression 
suffered by the air originally in the tube, which 
varies directly as the vertical depth to which the 
tube descended. In practice the tube is applied 
to a graduated scale and the depth read off 
directly in fathoms. 

While all well-found ships carry a mechanical 
sounding machine, the larger of them nowadays 
are fitted with echo sounding devices by means 
of which, particularly when inside the 100 
fathoms line, soundings are shown on the instru- 
ment at regular short intervals. Two main 
types of apparatus are in use for echo sounding, 
one employing emitted pulses of sound of audible 
frequency and the other using pulses of super- 
sonic frequency. The instruments include a 
timing apparatus which, in effect; measures the 
time interval between the emission of the signal 
and its return after reflection from the sea 
bottom. The echo operates a sensitive receiver 
which gives a visual indication corresponding 
to the depth of water traversed by the echo. 
Since no material means is used outside the 
ship, such soundings can be made continuously 
as the vessel moves. Again, by electrical means 
the successive measurements may be plotted 
on a chart so that the navigating officer can see 
at a glance how the depth of water below his 
ship is changing as the vessel proceeds. Such 
instruments are now an essential aid to naviga- 
tion in high-speed ships operating to a close 
schedule. Echo sounding apparatus is also 
employed nowadays by fishing vessels to locate 
by soundings the best fishing grounds and 
indeed it is possible from experience to recognise 
shoals of fish by the character of the echo. 


Tue Loe 


An important measurement of much 
assistance in navigation is that of the distance 
travelled by the ship during a given time; 
this is accomplished by the marine log. The 
simplest of the modern marine logs and a type 
widely used comprises a small impeller pro- 
jecting from a casing trailed behind the vessel, 
the revolutions of the impeller as it is drawn 
through the water being transmitted electrically 
to a receiver on board, which indicates the speed 
and the distance traversed. In a still simpler 
form of the apparatus the revolutions of the 
immersed impeller are transmitted mechanically 
by way of the line by which the impeller and its 
casing is towed. 
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In another form of marine log the orifice of a 
tube projecting slightly from the ship’s bottom 
measures the pressure due to the motion of the 
ship through the water, and the reading is 
transmitted to the appropriate indicator. 


TipAL PREDICTION 


In order to regulate the approach and 
departure of vessels at ports a knowledge of the 
tides is essential. The tidal information is 
given in such books as ‘‘ The Nautical Almanac” 
and Admiralty publications, but in considering 
the means whereby the tide tables are con- 
structed it is necessary to return again to the 
work of Lord Kelvin, who constructed recording 
tide gauges for taking regular observations at 
ports in the form of periodic graphs. The 
arithmetical computations involved in the 
analysis of the graphs made by the tide gauge 
would be very long and laborious. Accordingly 
Kelvin designed—on the basis of Professor 
James Thomson’s mechanical integrator—a 
machine for automatically analysing the tide 
gauge graphs into their constituents without all 
this laborious computation. 

Having analysed the tidal curves by such a 
machine and determined the amount and phase 
of the constituents of the tide, a tide predicting 
machine, also designed by Kelvin, can then be 
set to produce the graph showing the tide at any 
hour at a given port for the coming year. 


Frxep SIGNALS 


When the navigator is approaching land he 
has incessantly to keep on the alert and, in thick 
weather, eternal vigilance is the price of safety. 
Here another modern aid to navigation, the 
submarine signal, comes in to help. Located at 
@ point of danger, for example, is installed a 
powerful automatic submarine bell, the sound 
of which is transmitted through the water and 
picked up by a pair of microphones in the fore 
part of the ship, one port and the other star- 
board on the centre line. Equally strong signals 
received indicate that the vessel is heading for 
the danger point, thus giving warning that a 
changeof course is necessary to avoid the danger. 
Conve:sely, such submarine signal can be used 
as a guide to indicate the safe course to be made. 
The different submarine signals located about 
the coast are arranged to have their individual 
characteristics in the same way as are light- 
houses, so that they and their location can be 
recognised. 

Lighthouses and lightships as guides to navi- 
gators are the more obvious guides to naviga- 
tion to the layman, but a lighthouse or light- 
ship must not only be visible, but identifiable. 
The occulting lights have different codes, and 
revolving lights have different periods of 
revolution in order that they may be dis- 
tinguished and recognised. Having regard to 
their number, the immense amount of work 
involved in coding may be appreciated. Fog 
signals have similarly been codified and cata- 
logued, so that any one picked up by the navi- 
gator can be recognised. 

In these days of radio communication it is 
not surprising. that beams emitted by radio 
beacon stations round the coast are used to 
guide navigators. The radio beacons, like 
lighthouses, have their individual character- 
istics. Reception of the beams by radio 
receivers on board the ship from two or more 
beacons whose location is known enables the 
navigator to determine his own position and 
mark it on his chart, even if the weather is so 
bad that other observations are impossible. 
Alternatively, he can ask the beacons for his 
bearings and thus locate his position. The radio 
direction finder is used nowadays on a very 
large number of ships; in this case the shore 
station transmits. a non-directional signal, 

which is received on a directional aerial on the 
ship. The bearing is obtained from two or 
more stations by rotating the aerial till the 
maximum signal is obtained from each in turn. 

Fog is the great enemy of the navigator, and 
much work has been done in an endeavour to 
produce apparatus which will allow of fog pene- 
tration. More or less successful attempts have 
been made to use infra-red radiation for this 


be arranged so that it has directional control, 
the direction of the oncoming ship can be 
indicated and risks of collision in fog may be 
avoided. Conversely, similar apparatus has 
been proposed and employed for the detection 
of icebergs in bad weather. 
overcoming of the dangers due to fog and ice in 
a complete manner is one of the future possi- 
bilities before us. 

The work of the Admiralty Hydrographer’s 
Department, in producing navigation charts of 
the waters in the neighbourhood of all ports, 
must be mentioned. These charts give very 
full information, including soundings very 
closely spaced, so that a vessel may under 
necessity ‘‘ feel its way” by taking continual 
soundings. 
I hope that this brief survey of the aids to 
marine navigation may help you to realise the 
immense amount of hard and valuable work 
which has been done by inventors and con- 
structors in this field and in the service of the 
navigator. In the case of a maritime nation 
like our own such work is of the first importance, 
and in this field Great Britain has always been 
a pioneer. 








A Radial Shaping Machine 


WE illustrate herewith an interesting machine 
developed by Ormerod Shapers, Ltd., Hebden 
Bridge, Yorks. The machine comprises a 
heavy box base, column, and swivelling head, 
and has been devised for machining internal 
radii on large work pieces, such as breech blocks. 
The method of operation is to secure’ the work 
pieces to the box table, six tee slots being pro- 
vided for holding-down purposes. The swivel- 
ling head is then located by means of a stud on 
the work piece to be machined, and the length 

















RADIAL SHAPING MACHINE 


of stroke is adjusted in the tee slot of the driving 
worm. This worm is of large pitch diameter, 
and mates with a steel worm wheel driven by 
a three-speed cone pulley, and overhead counter- 
shaft. The worm and worm wheel run in an 
oil bath. The position of the arc through which 
the tool travels may be regulated by means of 
the right-hand and left-hand adjusting sleeve 
on the connecting-rod. Horizontal and vertical 
adjustment to the tool is provided by hand 
motion through a screw fitted with thrust 
collars. 

The illustration shows the machine fitted 
with a swivelling head, capable of dealing with 
radii from 7in. to 8in., the tool having a vertical 
travel of 2in. and horizontal adjustment of 5in. 
Other radii up to 18in. diameter may be accom- 
modated by a series of tool heads, each of which 
has horizontal and vertical tool adjustments. 
The machine may also be arranged for a single- 
pulley belt drive, or for a self-contained motor 
drive. The machine requires a floor space of 


limited ranges by sensitive thermo-couples and 
similar receivers and if the receiving apparatus 


However, the 


Telecommunications of the 
Future 


On October 15th Dr. W. G, Radley, of the 
Post Office Research Station, Dollis Hill, 
delivered a lecture on ‘‘ Telecommunications 
of the Future” to the London Students’ 
Section of the Institution of Electrical Engi- 
neers. In 1914, Dr. Radley said, although wire 
telephony had been in use for about forty years 
and had become an important factor in the 
social and business life of urban communities, 
the loss in speech power during transmission 
imposed definite limits to long-distance conver. 
sations. Those limits disappeared as a resuilt 
of the general introduction of the thermionic 
valve amplifiers early in the interval between 
the two European wars. Later, the long- 
distance circuits which had been made possible 
were made cheaper by the development of 
systems of carrier current telephony, culminat- 
ing in a standard system providing twelve 
speech channels over one pair of wires. A novel 
form of coaxial cable followed. It was capable 
of transmitting television or providing several 
hundred speech channels over two conductors. 
In the meantime the transmission of speech by 
radio had made world-wide telephony possible, 
and finally solved the problem of overcoming 
distance and physical barriers. Looking back, 
each of those developments was seen to be the 
result of a long period of experimental work. 
From the standpoint of research work which 
was in the experimental stage in 1939 it was 
possible to hazard a guess at the nature 
of the telephone system during the post-war 
period. 

The disappearance of metallic conductors 
and long-distance speech transmission by means 
of what were virtually guided radio waves was 
a future possibility. While it was true that 
radio transmission would probably never oust 
some method of line transmission for circuits 
that were confined completely to land, modern 
methods of line transmission owed much to a 
technique borrowed from the radio field. The 
use of quartz crystal elements for accurate fre- 
quency generation and in the construction of 
efficient electrical filters was one example. 
Research into the nature of speech sounds had 
made it possible recently to construct a machine 
which would speak under the control of an 
operator at a keyboard. An extension of that 
idea suggested the possibility of analysing 
speech in a local circuit, transmitting signals 
over the long-distance line corresponding to the 
results of the analysis and at the distant end 
automatically reconstructing the speech. The 
frequency band necessary for transmission of 
the signals over the long-distance line was very 
much narrower than that necessary for ordinary 
telephony, and that would enable more circuits 
to be obtained from long expensive submarine 
telephone cables. The energy in the speech 
currents received at the distant end of such 
a cable was so small that it could be compared 
to that of starlight, and that gave rise to some 
interesting problems. 

Improvements during the post-war period 
would probably lead eventually to the dis- 
appearance of telephone operators, except for 
special services, and the introduction of equip- 
ment whereby any one subscriber was enabled 
to obtain any other within his own country by 
dialling. Contemporary methods of switching 
telephone circuits involved the movement of 
heavy electro-mechanical parts, but quite novel 
methods had been suggested. Improved fidelity 
of response of microphones and telephone 
receivers was foreshadowed, but no immediate 
change in principle was indicated. Among out- 
standing problems, Dr. Radley concluded, were 
those due to the introduction of circuit noise, 

switch contact noise, and resistance noise. Dis- 

cussion of such problems led to a final reference 

to the methods of modern organised scientific 

research which might be likened to a total war- 

fare in which chemists, physicists, metallurgists, 

and mathematicians, as well as engineers, took 

their part. Their efforts were being directed 

towards making telephone conversation between 

any two persons, anywhere, immediate, intimate 








purpose. The heat radiated from the funnel of 
a ship, for example, may be picked up over 


5ft. 6in. by 5ft. 6in., and weighs approximately 
40 cwt. 


and inexpensive. 
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The Future of Wireless* 





DISTRIBUTION BY WIRE 


Some further alleviation of the wavelength 
shortage! might be possible by an expansion of 
the system existing already in a few countries, 
of distributing broadcasting programmes to 
listeners’ homes by some form of line network. 
Before the war many such installations were in 
operation in this country, but the total number 
of listeners connected was only of the order of a 
quarter of a million out of a total of some 
9 millions. Subscribers to these systems 
generally had a choice of two programmes, 
whereas, of course, a good wireless receiver gives 


. a choice of considerably more. 


There are several ways by which this system 
of distribution could be developed, the principal 
ones being the following :— 

By audio-frequency distribution on special 
lines (almost the only method actually used 
in this country). 

By carrier system on special lines. 

By carrier system on existing telephone 
lines. 

By carrier system on electric light mains. 


Two papers have been read before the Institu- 
tion in recent years dealing with these systems.* 

It is a curious fact that this method of diffus- 
ing broadcast programmes has not heen favour- 
ably received in the majority of countries, for 
no very clear reason. Apart from this country, 
such systems existed before the war on a fairly 
considerable scale in Holland and Switzerland, 
and in several British Colonies, notably those 
on the West Coast of Africa, where the materia! 
diffused originated in distant countries, whence 
it was transmitted on short waves. This 
naturally necessitated the use of an elaborate 
receiver, which obviously most: individual 
listeners could not afford. In such circum- 
stances the advantages of a relay exchange are 
overwhelming. 

It is clear, however, that some method. must 
be found for the proper development of broad- 
cast distribution in peacetime, without, if 
possible, a repetition of the undignified wrang- 
ling which was customary at international wave- 
length conferences before the war. 


Frequency MopvuLaTIon 


While speaking of future transmission deve- 
lopment, mention must be made of a new type 
of transmission employing ‘‘ frequency modula- 
tion,”” which has progressed considerably in the 
United States during the past two years and 
which would certainly have been investigated 
experimentally before now in this country had 
the war not made this impracticable. 

The usual method of transmitting intelligence 
over radio circuits—whether by telegraphy, 
telephony or television—is by modulating a 
carrier of fixed frequency by changing its 
amplitude. The idea of frequency modulation 
is not new and was first proposed many years 
ago. It was in fact used in a very simple form 
for radio-telegraph transmission on the Poulsen 
are system, whereby the frequency of the trans- 
mitter was altered when the key was pressed. 
The selectivity of the receiver was used to 
separate the ‘‘ marking” wave from the 
“ spacing ’’ wave. Proposals were next made 
to apply the principle to the transmission of 
telephony, but without much practical result. 
Later on it was suggested that frequency 
modulation might be used as a means of securing 
economy in the width of ether channel needed 
to carry a radio-telephone service. The fallacy 
of this was demonstrated by Carson® in 1922 


* Extracts from the Inaugural Address to the Insti- 
tution of Electrical Engineers by Sir Noel Ashbridge, 
President, October 23rd, 1941. 

1 The earlier part of the address dealt with the history 
of broadcasting and particularly with the international 
conferences that ed wave bands to the various 
countries and the problems involved. 

* P. P. Eckersley, “ ee of Audio-frequency 
Wire Broadcasting,” Journal, I.E.E., 1934, 75, page 333; 
T. Walmsley, ‘“‘ Wire Broadcasting Investi 





tions at 


Audio and Carrier Frequencies,” Journal, I1.E.E., 1940, 
37, page 76. 

_ § “ Notes on the Theo 
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of Modulation,” ‘‘ Proceed- 
Radio Engineers, 1922, 10, 


in @ mathematical treatise in which he showed 
that whatever modulation system was used, the 
width of band required must be at least twice 
the modulating frequency, for double sideband 
transmission. In 1930 Van der Pol‘ treated 
the subject mathematically and reduced his 
results to a form for use by the engineer. Subse- 
quently Edwin H. Armstrong, of Columbia 
University, demonstrated a practical system of 
transmission by frequency modulation, and 
pointed out certain practical advantages which 
it possessed over amplitude-modulation. This 
he did in a series of experiments carried out in 
New York during 1935 and described in a paper 
presented to the Institute of Radio Engineers, 
New York.® 

Essentially Armstrong demonstrated that if 
true frequency modulation were used, %.e., if 
it were unaccompanied by amplitude modula- 
tion and assuming the receiver was not sensitive 
to amplitude modulation, a very great increase 
in signal /noise ratio could be achieved, provided 
a sufficiently wide band width could be made 
available. 

It is not obvious at first sight how frequency 
modulation functions, and it is therefore perhaps 
of interest to mention the following points. 
The frequency of the carrier wave is changed 
symmetrically about the normal value corre- 
sponding to no modulation, by an amount 
which is directly proportional to the amplitude 
of the modulation currents and independent of 
their frequency. The rate at which the fre- 
quency of the carrier wave is changed corre- 
sponds to the frequency of the modulating 
currents. 

The maximum deviation of frequency from 
the no-modulation value determines the signal/ 
noise ratio of the system, and doubling the 
band width results in an improvement of signal/ 
noise power ratio of 4 to 1. Increasing it 
tenfold produces an improvement of 100 to 1. 

It is necessary to use ultra-high frequencies, 
say, of the order of 40 to 60 Mc./s. (7-5 m. to 
5 m.), if frequency deviations of the order of 
100 ke./s. are to be used and a high value of 
signal/noise ratio obtained. 

Following Armstrong’s experiments, many 
others have been carried out by independent 
authorities in the United States and the useful- 
ness of F.M.—as frequency modulation is 
called there—has been recognised by the Federal 
Communications Commission, which has allotted 
certain bands of frequency for this type of 
transmission and licensed a number of fre- 
quency-modulated broadcast transmitters. The 
war has prevented parallel development in this 
country, but there seems to be no reason to 
doubt that frequency modulation will soon 
spread beyond the United States of America 
when conditions allow development to be 
resumed. 

It is difficult to imagine that present methods 
of transmission will change suddenly after the 
war and necessitate many millions of new 
receivers ; also it is not clear at the moment 
that the change would materially reduce the 
wave band congestion difficulties in Europe. 
It may be that the advantages of frequency 
modulation will be exploited in connection 
with television services, since in most countries 
there are no commitments with regard to 
system. This brings us to the general question 
of television broadcasting and its future. 


TELEVISION 


It is now generally known that high-definition 
television cannot be transmitted on an ordinary 
broadcast wavelength of, say, 400 m. owing to 
the width of channel necessary to transmit the 
m dulation frequencies, which are of the order 
of +2-5 Mc./s., making a total modulation 
band width of 5 Mc./s., which, with the sound 
channel spaced at 1 Mc./s. from one extremity 
of the vision band, necessitates a total channel 
width of about 6 Mc./s. It is difficult to design 
a vision transmitter for a modulation band 
width of 5 Mc./s. if the wavelength is above, 
say, 6m. to 7m. At first this was considered 
to be a serious difficulty, because it was thought 
that it would result in a very restricted range 





4 “ Frequency Modulation,” ibid., 1930, 18, page 1194. 
5 “A Method of Reducing Disturbances in Radio 
Signalling by a System of Frequency Modulation,” ibid., 


owing to the extreme shortness of the wave. In 
fact, something approximating to the visual 
range was anticipated. However, this was 
much exceeded in some areas and there are 
theories which account for the increased range. 
The position, therefore, immediately before 
the war was that a satisfactory programme 
service was in operation in London extending 
to a range of, say, 20-25 miles, or considerably 
more in some directions, and its popularity was 
rapidly growing. Two papers were read before 
the Institution in 1938 which deal compre- 
hensively with the London Television Station.® 

Naturally, the question had arisen whether 
the service could be extended to some at least 
of the heavily populated provincial areas. 
There was no doubt that this and more must be 
achieved sooner or later, but there were three 
main difficulties, one of them financial and the 
other two technical. It had, of course, been 
realised that the cost of producing, say, one 
hour of television programme would be much 
higher than an hour of sound. Naturally, the 
heaviest item was the production of the pro- 
gramme itself, owing to the large amount of 
rehearsal and preparation necessary as com- 
pared with a sound programme, but it also 
applied to the technical side. To set up com- 
plete studio, outside broadcast, and trans- 
mission plant to serve an area of, say, 30 miles 
radius with a television programme is, say, 
tifteen times as costly as equivalent plant for a 
sound programme, and the maintenance costs 
are in similar proportion. Expenditure on the 
London service exceeded what could have been 
covered by a licence fee two or three times 
greater than is now paid for sound, even had 
there been ten times as many television viewers. 
In passing, it may be noted that possibly this 
fact has tended to hold back the rapid growth 
of television in the United States, although 
there are contributory factors of varying weight 
in this case. Since it is obvious that sooner or 
later the service will be made available to a 
larger number of potential viewers, involving 
additional stations, this may in itself become a 
solution of the financial problem on a licence fee 
basis, but this is only possible if a common 
programme can be radiated from each station 
for at least most of the programme time. 

The second problem, a technical one, is con- 
cerned with transmitting vision signals over 
considerable distances by cable or wireless 
link. So far as one can see at the moment, the 
former method involves the provision of special 
cables of the air insulated type. There is not 
much doubt that this is feasible technically, but 
it would be costly, very much more so than 
the equivalent for the transmission of high- 
quality sound programmes. The second method 
is also feasible technically, but is likely to 
produce complications due to the wide space in 
the ether occupied by the radio channels neces- 
sary to create country-wide interlinkage. The 
provision of main station channels constitutes 
the third problem referred to and, however the 
interlinking of stations may be achieved, this 
difficulty will remain. 

During the past few years the use of waves 
below 10 m. has grown rapidly, to a large extent 
—though not entirely—in connection with 
military services of various kinds. The problem 
is both a national and an international one, 
but the interference over great distances which 
occurs on other broadcasting wavelengths can 
only exist in the case of these very short waves 
under certain ionospheric conditions which do 
not frequently occur, and in any case do not 
last for long periods. Even so it may well prove 
troublesome. There is one factor, however, 
which still remains in doubt, namely, the con- 
ditions under which vision channels may overlap 
without causing mutual interference. Sir 
George Lee, in his Presidential Address in 1937, 
referred to the possibility of distributing tele- 
vision broadcasts entirely by line networks. 
This is a method which must be considered 
when the time comes to take up again the 
problem of a national service. It is not, 
perhaps, quite certain that special cables would, 





6 T. C. Macnamara and D. C. Birkinshaw, “ The 
London Television Service,” Journal, I.E.E., 1938, 83, 
page 729; A. D. Blumlein, C. O. Browne, N. E. Davis 
and E. Green, ‘‘ The Marconi-E.M.I. Television System,” 








page 57. 


1936, 24, page 689. 


ibid., 1938, 83, page 758. 
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as might be expected, be essential, since before 
the war a move had been made towards trans- 
mitting vision signals over short distances on 
ordinary telephone lines. This work was 
carried out in connection with broadcasts of 
outside events, but it might conceivably be 
developed as a means of general distribution.” 
A great deal of development and research work 
will be necessary before telephone lines can be 
used on an ordinary everyday basis on a con- 
siderable scale, and if special cables proved 
necessary the process of installation would be 
lengthy. What is certain, however, is that tele- 
vision will be developed seriously on a national 
scale, and it is quite out of the question that 
such difficulties as remain should be allowed to 
stifle an achievement which has already secured 
such a remarkable measure of success. This is 
a matter of first importance for post-war 
development, and one capable of absorbing a 
large number of the many radio engineers who 
ultimately will be released from war work. 

In the United States of America television 
has undergone a very long trial period, but since 
July Ist, 1941, authorisation has been given to 
operate television on a commercial basis. This 
date therefore is a milestone in the development 
of television in that country and I should 
like to quote from an article on the subject by 
Mr. David Sarnoff, President of the Radio 
Corporation of America, which seems to me to 
emphasise an important truth :-— 

‘“* For those who have watched it there can be 
no doubt that it will fly far to perform a new 
and great service in entertainment and informa- 
tion. But the expansion of that service and 
the efficiency of television as an ever-progressive 
medium of communication enjoyed by 
Americans everywhere, will depend upon the 
ties it maintains with its nest—the laboratory 
and the research men who have the power to 
extend and enliven its magic.” 


ENGINEERING TRAINING 


From the strictly technical point of view 
there is no doubt that the vast majority of 
students are usually extremely well equipped, 
but little idea of the duties of a technical 
executive or administrator seems to have been 
imparted. It is true, however, that some 
colleges have instituted a course in industrial 
administration ; nevertheless, it is my expe- 
rience that in past years few students arriving 
in industry seemed to have any idea of, for 
example, how to draw up a specification, or 
prepare a comparative analysis of complicated 
tenders, or even write a business letter. The 
effect has been twofold ; in the first place, new 
entrants to an organisation have to be taught 
many fairly simple things at a comparatively 
advanced age which they might have learnt 
years before in college, where they would have 
been properly taught much more quickly. 
What is no doubt more important is that they 
frequently obtain a wrong idea of values during 
their technical training, and an imperfect picture 
of the work they are likely to be called upon to 
perform. As an example of the latter, Ishave 
found as a result of interviewing a considerable 
number of prospective student apprentices— 
every one of whom had already obtained a 
degree or its equivalent—that nearly all wished 
to specialise on research, apparently imagining 
that any other function in an engineering 
organisation was more or less tedious. Again, 
those who did not want to engage in research 
work had little idea of what they did want to 
do, and seemed almost to despair of a successful 
career of any kind if they thought that their 
mathematics was not a particularly strong 
subject. 

Many technical colleges make considerable 
efforts to avoid a gulf between themselves and 
industry, and there are sandwich courses which 
go a long way in this direction, but one some- 
times wonders whether they go far enough and 
whether generally there is sufficient and fre- 
quent touch between teachers and heads of 
departments in industrial firms. Perhaps, in 
future, industry and teaching can be drawn 
even more closely together, each college possibly 





7 A.R. A. Rendall, ‘‘ Television vid Telephone Cables,” 
World Radio, August 12th and 19th, 1938; S. H. Padel, 


working with a definite firm or small group of 
firms on an agreed and frequently reviewed 
plan, with lecturers who are all the time in 
touch with the work which the firms are 
doing. This might introduce excessive 
specialisation, but, on the other hand, it might 
permit of capable young men obtaining a good 
salary at a much younger age than usually 
happens at present, benefiting both themselves 
and industry as a whole. 
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industry. Again, having regard to the impor. 
tant part which fuel must play in post-war 
reconstruction, it was most advisable from the 
point of view of both the fuel industries and of 
the Minister and Department concerned with 
the reconstruction, that a single authority should 
be in control. 

Such, in brief, concluded Sir David, were the 
views which he personally held with regard to 
fuel and the future, and though there might be 
differences of opinion in regard to matters of 
detail, all must agree that our greatest natural 
asset, coal, must be carefully conserved by 





Proposed Ministry of Fuel 


SPEAKING at a meeting of the Fuel Luncheon 
Club in London, on Wednesday, October 22nd, 
Sir David Milne Watson, the new President of 
the Institute of Fuel, emphasising that he was 


expressing his own personal views and not those 
of the industry with which he was so closely 
connected, urged the need for the establishment 
of a Ministry of Fuel, which would embrace all 
aspects of the fuel industries. 

After the war the nation would be much 
poorer and might have to rely to a greater 
extent upon its own natural resources. The 
need would therefore be greater than ever for 
conserving our coal supplies and putting them 
to the best possible use. That was the problem 
in a nutshell, and of the many that faced the 
country it was the one of the most importance 
and most pressing. ‘The coal industry was under 
the direction of the Department of Mines, a 
branch of the Board of Trade. Electricity was 
under the zgis of the Electricity Commissioners, 
and until recently the Ministry of Transport 
was responsible for its affairs in Parliament. 
These had now been added to the multifarious 
duties of the President of the Board of Trade. 
Oil in wartime had a Parliamentary Secretary 
of its own, but formerly it was a branch of the 
Department of Mines. Gas up till now had been 
looked after by a small department of the Board 
of Trade under a Gas Director. Fuel had no 
Ministry of its own exclusively concerned with 
its affairs. Such a position had had advantages 
as well as disadvantages in the past from the 
point of view of the industry, but he doubted 
if it would be right to seek to maintain it in the 
future. This segregation into water-tight com- 


using it in the most efficient and economical 
way, at least until we were within measurable 
distance of obtaining our heat requirements 
from the sun or some other inexhaustible source, 
and that the best method of securing these 
ends was to place the various branches of the 
fuel industry under unified direction to eliminate 
wasteful competition and subordinate all com- 
petitive activities to the national interest, with 
@ view to ensuring that each form of fuel be 
put to the use for which it was best suited. 








BRITISH STANDARDS INSTITUTION 


All British Standard Specifications can be obtqined from 
the Publications Department of the Institution at 28, Vic- 
toria Street, London, S.W.1. The price of each specification 
is 2s. 3d. post free, unless otherwise stated. 


PORTLAND BLAST-FURNACE CEMENT 


No. 146. A revision of B.S. 146 has been issued 
and completes the programme of work which has 
been in hand for the review of the specifications for 
cement. The essential alterations in B.S. 146 are 
the modifications to those sections referring to 
Portland cement and such alterations as were 
necessary to bring the specification into line with 
the revision of B.S. 12. As an alterna‘ive to the 


tensile test a compression test may now, at the 
request of the purchaser, be substituted. Other 
modifications are the omission of the coarser sieve 
in the test for fineness of cement, and the deletion 
of the optional tensile test to neat cement. 


WROUGHT CARBON AND ALLOY STEELS 
No. 971—1941. This report on wrought steels is 


a complementary document to the new series of 
specifications for carbon and alloy steels which has 





there, prevailed. 


unified direction. 
determined the general principles which would 
govern produttion, distribution and utilisation 
of all fuels in such a way as best to serve the 
national interest, a single authority, viewing 
the situation as a whole, could settle the con- 
flicting claims which would undoubtedly be put 


partments for administrative purposes had 
undoubtedly been one of the contributory 
causes of the fierce competition, he might almost 


say reckless competition, which had prevailed 


for years. Those sectional interests had tended 
to obscure the national interest. It was true 
that in recent years wiser counsels had, here and 
It was gradually coming to 
be recognised that where there was community 


of interest, co-operation was more advantageous 


than competition. This trend had become more 
marked since the war began. There had been, 
for example, the agreed cessation of active com- 


petition between gas and electricity. In part, 
this had resulted from the imposition of Govern- 
ment control in various directions, and in part 
it was due to conditions arising out of the war. 


It was practically certain that if measures 


were not taken to prevent it, the various 
fuel industries would, at the end of the 
war, revert, if not to the state of affairs which 
prevailed before the war, at least to something 
like it. In order to avoid such a result the first 
essentials would appear to be that production, 
distribution and utilisation of all fuels should be 
regarded as part of a single problem. 


By whom, then, was this comprehensive fuel 


scheme to be formulated and administered ? 
Speaking personally, Sir David said he felt it 
was not unreasonable to claim that this vital 
problem should become the sole responsibility 
of a Minister of the Crown, and, in the national 
interest, a Ministry of Fuel should be formed as 
soon as circumstances permitted. 


Two main advantages would flow from such 
In the first place, having 





‘** Television Transmission vid Telephone Cables,” World 
Radio, April 28th and May 5th, 1939. 





forward by the various sections of the fuel 


recently been published as B.S. 970. The report 
gives a description of each steel in the series indi- 
cating the purposes for which it is most suitable. 
Details of mechanical test results obtained from 
steels having chemical compositions falling within 
the ranges specified are given as well as notes about 
heat treatment together, with an explanation of the 
effect of mass on the mechanical properties obtain- 
able from the standard test piece. The report 
represents the work of the Technical Committee 
on Special and Alloy Steels which has been sitting 
in Sheffield under the chairmanship of Dr. W. H. 
Hatfield. Price 7s. 6d., post free 8s. 





SYNTHETIC RESIN BONDED FABRIC SHEET 


No. 972. Hitherto the only British standard 
specification covering synthetic resin bonded fabric 
sheet has been B.S. 668, which covers materials for 
use in the manufacture of gears. A new specification 
has now been issued to provide for types of synthetic 
resin bonded fabric sheet having properties which 
make these types of material suitable for electrical 
purposes. These t may also be more suitable 
than the gear material for certain purely mechanical 
applications. This new specifica'ion covers three 
types of bonded fabric sheet of thickness between 
1/,,in. and 4in. The specification is divided into three 
parts, the first part containing general clausos, 
Part 2 containing mandatory clauses to be applied 
to all material, whether for electrical or mechanical 
purposes, and Part 3 contains optional clauses which 
are to be applied when the purchaser specifically 
indicates that the ma*‘erial is fur electrical purposes. 
It will be recalled that the majority of the B.S. 
specifications for electrical insulating materials 
have been based on technical data submitted by the 
Electrical Research Association. In the present 
instance, however, the Research Association has 
not undertaken an investigation into the properties 
of the materials covered by the specification, and the 
specification is based on the data in possession of the 
manufacturers and users represented on the special 
committee which was set up for the purpose. It is 
hoped that a full investigation will in due course 
be made by the Electrical Research Association with 
a view to the revision of the specification, and in the 
meantime the specification is being issued as a war 





emergency standard. 
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Markets, Notes and News 


The prices quoted herein relate to bulk quantities. 


American Manganese Production 


The American Bureau of Mines has been 
successful in producing concentrates with high 
manganese content ores from the low-grade deposits 
in the Las Vegas, Nevada, area. The first unit of 
the comprehensive group of pilot plants built by the 
Bureau of Mines at Boulder City, Nevada, under a 
defence appropriation has started operations. A 
test run just concluded has demonstrated the applic- 
ability of a process developed in the Bureau labo- 
ratories for supplying a portion of the defence 
requirements of manganese from domestic sources. 
Manganese is a most vital strategic metal because 
about 12} lb. are needed for the production of every 
ton of steel, and because substitution would be 
difficult. The United States produces only about 
3 per cent. of its total needs of this ore, the remainder 
coming from abroad. Russia has been one of the 
principal suppliers, accounting last year for almost 
a fourth of the total amount imported. Only high- 
grade ore, such as the Russian ore, containing 48 per 
cent. or more manganese, is generally used ‘by 
American producers in making ferro-manganese. 
Although few deposits of high-grade ore exist in the 
United States, there are large reserves of low-grade 
ores, but there has been no feasible method for 
successfully treating them to produce a suitable 
ferro-manganese. If the Bureau of Mines’ experi- 
ments prove successful, the United States may be 
able to supply a major portion of its requirements 
from its own sources. The first ore to pass through 
the Boulder City pilot mill, which has a total capa- 
city of 40 tons per twenty-four-hour day of ore, was 
that from the nearby Las Vegas Wash mining 
district. The Bureau engineers have estimated 
that there are nearly 1,000,000 tons of ore in this 
area containing more than 10 per cent. manganese, 
and that there is more in the adjacent Virgin River 
district. More than 3600 tons of the Las Vegas ore 
has been mined and stored at the Boulder City 
plant. This ore, which is run-of-mine, averages 
about 18 per cent. manganese. Except for a small 
amount of high-grade material mined during the 
World War, this reserve of manganese has been 
undeveloped, because until the Metallurgical 
Division of the Bureau of Mines started on its present 
programme the ore had resisted all attempts at con- 
centrating it to an extent which would permit its 
use for the manufacture of ferro-manganese. 
Success in the treatment of this ore was first attained 
when a new reagent, D L T-958, was tried. This 
reagent, developed as a result of the laboratory 
investigations of the Bureau of Mines, was found to 
float the worthless gangue away from the manganese 
and leave the manganese in a form which, when 
sintered, met every requirement for material for 
the manufacture of ferro-manganese. Subsequent 
tests have shown that other reagents of similar 
characteristics may be used, so that successful opera- 
tion of the plant is not restricted to a particular 
reagent. The product produced in the first opera- 
tions analysed after sintering 52 per cent. man- 
ganese, 1 per cent. iron, 9 per cent. silica. The 
recovery from the ore was just over 70 per cent. 
Operations will be continued at the pilot plant to 
determine complete data concerning costs. 


The Pig Iron Market 


Steady conditions rule in the pig iron trade. 
The outstanding feature of the situation is that the 
consumers engaged upon war work are receiving full 
supplies, and although in the case of hematite and 
low-phosphoric iron they have to depart from their 
usual practice and frequently use substitutes, they 
have become accustomed to meeting problems which 
arise from this situation, and little complaint is 
heard. With such a huge proportion of the engi- 
neering industry employed upon war work, it is not 
surprising that there are large demands for refined 
and speeial irons, particularly as the hematite 
position remains tight. The production of refined 
irons has been expanded and supplies are available 
to cover consumers’ needs, although these appear 
to be increasing. The production of Cleveland 
foundry iron is small, and normat users are taking 
up large quantities of Midland irons which are freely 
obtainable against licences. The demand for high- 
phosphorie foundry iron is easily met by the pro- 
ducers, and it is reported that substantial stocks of 
this quality have been accumulated at the blast- 
furnaces. The comparatively poor demand since 
the outbreak of hostilities and the regulations cur- 
tailing building operations were put into force, 
have restricted business in this class of iron. 
Hitherto, no way in which the light castings foun- 
dries could be fully employed upon war work has 
been found, although a certain proportion of the 
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industry is engaged in the national effort. For the 
time being, however, the demand for the products 
usually produced by light castings foundries is so 
restricted that in some cases foundries are not 
taking up all the high-phosphoric foundry pig iron 
for which they secured allocations. The position 
in the low-phosphoric foundry iron department is 
less satisfactory, as it is being used in a number of 
directions in which other descriptions of pig iron 
were formerly utilised. The supplies are rather 
tight, but it has been possible for the Control to 
maintain supplies to all firms engaged on essential 
work. The hematite position is understood to have 
become easier to some extent, but its distribution 
is being very carefully supervised by the Control, 
and, wherever possible, consumers are encouraged 
to use substitutes. 


The Midlands and South Wales 


Conditions in the Midland iron and steel 
trades, generally speaking, are satisfactory. Supplies 
of raw material are reaching the works in adequate 
quantities, and production is maintained at a high 
level. Recently there has been an improvement in 
the demand for structural steel. The movement has 
been of such a general character that it is not easy to 
see the direction in which the demand chiefly 
emanates, but the expansion is shown by the 
increased periods which most works are asking for 
delivery of this description of steel. The plate 
position remains somewhat stringent. There has 
been no falling off in the heavy requirements of the 
shipyards, and tank makers, wagon builders, and 
other consuming trades are providing an_important 
outlet. The position of the re-rolling works is much 
better than it was at this time last year, and good 
outputs are being maintained. The steady pres- 
sure which the mills have been experiencing for 
months, for small bars, angles, &c., has eased 
somewhat, but the works carry good order books, 
and there has been some improvement in the 
position in so much as works which a few weeks ago 
were anxious to secure business are now quoting 
rather longer periods for delivery. The sheet 
industry is busy, and lately some good orders have 
been placed. The demand appears to be chiefly 
for the thinner gauges, but there is a fair amount of 
work in the medium and heavier gauges. All the 
engineering establishments are fully employed upon 
war work and this industry is requiring large 
tonnages of forgings and castings. There is an active 
business passing in nickel and other special alloy 
steels, which are largely used by the munition 
makers. All the steel works in South Wales are in 
steady operation, and have enough work in hand to 
keep them busy for some months. The heavy 
finished steel works are fully employed in supplying 
shipbuilding steel, but are not so busy on structural 
descriptions for the constructional engineers. The 
demand for tinplates from home sources is moder- 
ately good, but the works are feeling the lack of 
export business which they are prevented from 
undertaking by official restrictions, 


The North-East Coast and Yorkshire 


All the resources of the steel works on the 
North-East Coast are employed upon priority work, 
and although there may be some decline in new busi- 
ness in certain departments, there has been no real 
slackening in industrial operations. Ordinary 
civilian requirements have been practically elimi- 
nated from the picture, and export business is in 
practically the same position. Whilst it is under- 
stood that commercial requirements have to be 
relegated to the background, a certain amount of 
apprehension is felt at the wholesale resignation of 
our export trade which manufacturers and mer- 
chants alike feel they may be unable to recover 
when the war is over, since once lost, export markets, 
are difficult to regain. The situation has improved 
with the coneentration of work upon war orders, 
and most of the steel works are able to give earlier 
delivery of priority business. The demand for 
heavy structural steel has not recovered to anything 
like the volume which existed earlier in the year, but 
there has been some improvement in the demand for 
the lighter sections which showed signs of declining 
a few weeks ago. There is a good request for semis, 
and in spite of the restriction of imports, the works 
are receiving adequate supplies. Bars, lately, have 
been called for in good quantities, the demand being 
chiefly for the heavier sizes, but there are indications 
of a revival in the call for the smaller diameters. 
The plate position does not vary much, and 
although compared with, say, six weeks ago, the 





position is not so difficult, the whole production is 





trade quotations are delivered f.o.t. 


rapidly taken up. Large quantities of plates are 
passing to the shipyards and there is a vigorous 
demand from the tank makers. The Yorkshire steel 
industry is working under considerable pressure, 
one of the features of the position being the active 
demand for special and alloy steels. A tendency for 
business in the ordinary steels to decline has been 
checked recently, and the expectations of a revival 
in the demand covering the whole field of steel pro- 
duction seems likely to be fulfilled. The armament 
makers are important users of alloy steels, and the 
supply position is not so easy as it was. 


Copper and Tin 


The British copper situation is at the 
moment satisfactory, but there are some who pre- 
dict a considerable increase in the consumption for 
war purposes which may result in a future tightness 
in the market. The Control exercises careful super- 
vision over distribution, but all the firms employed 
for war purposes are getting their full requirements 
and it has been possible to release a certain amount 
of copper for less essential work. In the United 
States the position has not materially changed. 
The Americans appear to be drastically cutting 
down the use of copper for civilian requirements in 
order to maintain full supplies for industries 
employed upon the defence programme. The possi- 
bility of a shortage in the United States is still 
being discussed in that country but recent purchases 
of South American copper should go far to ease the 
position. The authorities have now forbidden the 
use of copper in building in America, in which 
normally considerable quantities are used. The use 
of copper in building in connection with the defence 
programme is permitted and also copper may be 
used for electric wiring. A restriction has also been 
imposed upon the use of copper in the manufacture 
of certain domestic appliances. A suggestion has 
been made that the additional calls upon the United 
States for copper for Russia may have something 
to do with these restrictions. Whilst a subsidy has 
been allowed to one or two high-cost copper pro- 
ducers for some time past, it is now reported that 
this will be extended to other high-cost concerns, . . . 
The London tin market remains quiet and uninterest- 
ing and prices have moved within a very narrow 
margin. American buying has been on a small 
scale and it is thought that consumers in that 
country are carrying fairly good stocks. Deliveries 
of tin to Russia are understood to have been fairly 
large and to have amounted to nearly 70,000 tons. 
It is expected that the tin restriction scheme has 
been agreed upon for another period, although no 
official announcement has been made. Purchases, 
it is believed, by the British Ministry of Supply 
have prevented a rise in the cash price, but only a 
small business has been transacted in London and, 
naturally, under prevailing conditions little outside 
interest in the market is apparent. 


Lead and Spelter 


Conditions in the British lead market have 
remained unchanged for some time. The arrange- 
ments which were made at the beginning of the war 
have enabled the Non-Ferrous Metal Control to 
provide all lead required by the war industries and 
also to provide a certain amount of the meta! for 
ordinary commercial purposes. Whether Russian 
requirements, which, it is understood, will be 
supplied direct from Empire countries, will affect 
the situation cannot yet be seen; but so far, 
although good quantities are understood to have 
been sent to Russia, it has had no influence upon the 
position in this country. The American lead position 
remains tight and the authorities are carefully 
supervising the distribution of the metal and 
tightening up the distribution of supplies for 
civilian purposes. Expectations that the price of 
lead in America would be increased following an 
increase in the price of spelter have not materialised. 
Some dissatisfaction has been expressed by American 
producers at the price of 5-85c. per pound, which 
now rules. This has been a smaller increase than in 
the price of certain other non-ferrous metals in the 
United States.... The consumption of spelter in 
Great Britain is on a particularly heavy scale. 
Large quantities are reaching the firms employed 
on war work and although the position is regarded 
as somewhat tight, these firms have received all the 
metal they need. In the United States the market 
is tight as a result of the large quantities required 
for the defence programme, and supplies of spelter 
for ordinary civilian p ses have been severely 
cut down. The recent increase in the price of lc. 





to 8-25c. has not provoked any complaints. 
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Rail and Road 


Ralts FoR RErNForcinG.—In order to increase 
the supply of reinforcing bars, the U.S.A. authorities 
have modified the rules under which railways may 
sell discarded rails to re-relling mills for conversion 
into bars. There has been some opposition to the 
scheme, on the ground that it is undesirable to 
degrade rail steel in this way while it allows the 
re-rollers to offer a higher price in order to get 
preference in the purchase of rails. 


CanapDa’s NEWEST BRIDGE.—-Nearing completion 
in the Dominion is a new six-lane twin bridge over 
the Welland River and Michigan Central Railroad, 
near Niagara Falls, Ont., on the Queen Elizabeth 
Way. It is the longest twin bridge ever built in 
Canada, and in interest and importance in con- 
temporary Canadian bridge work it is probably 
overshadowed only by the magnificent new struc- 
ture over the Niagara River known as the ** Rainbow 
Bridge.”’ ‘The Welland River bridge, nearly 1000ft. 
in length, consists of eighteen spans. It carries 
opposing traffic on separate roadways, each 38ft. 
wide, bordered by 2ft. reinforced concrete kerbs. 
The cost of the bridge as estimated in 1939 was 
approximately 350,000 dollars. Despite rising costs 
of materials and labour since then, it is believed that 
the total cost will not exceed 400,000 dollars. 





Sait TREATMENT FOR Icy Roaps.—The fourth of 
the series of Wartime Road Notes, entiiled ‘ Salt 
Treatment for Icy Roads,” has been issued by the 
Road Research Laboratory of the Department of 
Scientific and Industrial Research, in co-operation 
with the Ministry of War Transport. Aithougk 
salt may in some cases be applied alone, mixing with 
sand ensures better distribution, and the sand 
provides an immediate reduction in slipperiness 
while the ice is being melted. For this reason the 
recommendations contained in the note, which are 
based on experience in several countries, are chiefly 
confined to the use of salt-sand mixtures. With a 
view to avoiding possible damage to the road 
surface, particularly in the case of concrete roads, 
the most suitable proportion of salt to sand, and 
appropriate rates of spread, are recommended 
separately for waterbound macadam, bituminous 
surfacings, and concrete. The information is pre- 
sented in an easily accessible form, and notes are 
provided for guidance in mixing, storing, and spread- 
ing the mixtures. 


Air and Water 


JAPAN TO Burtp WoopEN Crarr.—A scheme is 
afoot in Japan for the mass productiqn of wooden 
schooners or combination sail and small oil-burning 
motor vessels for the transport of coal. These ships 
would be similar to the type found throughout the 
coastal services of Japan. 


HypDr0-ELECTRIC DEVELOPMENTS AT TACOMA.— 
The city of Tacoma, Wash., has applied to the 
Federal Power Commission for a licence to construct 
two hydro-electric developments on the Nisqually 
River in Thurston, Pierce and Lewis counties, 
Wash. One section, about 3 miles in length, will 
be known as the Alder dam project. The second 
project will consist of a concrete gravity diversion 
dam, to be known as La Grande dam. 

SHIPBUILDING IN Hone Kone.—The Hong Kong 
and Whampoa Dock Company, Ltd., and the 
Taikoo Dockyard and Engineerirg Company, of 
Hong Kong, Ltd., are building seventeen standard 
freighters of 10,000 tons each for the British 
Admiralty. Steel for nine of these freighters is of 
American origin, while Australian steel is being 
utilised in the other vessels. All boiler plate used 
in the construction is being furnished by the United 
States. 

THE PassING oF THE NaRRow GavuGE.—Bit by 
bit the United States are cutting out narrow-gauge 
tracks. Sixty years ago the number of narrow- 
gauge lines were not far short of 500, with a mileage 
of 10,000, more or less. To-day the mileage of these 
lines open to traffic has shrunk to 1400, of which 
only 1344 miles are actually in use and only 581 
miles carry passengers. Largest of them all was the 
Denver and Rio Grande, with 1500 miles of 3ft. 
gauge line in the heart of the Rockies, passing over 
several summits in excess of 10,000ft. This has now 
shrunk to 750 miles. Closing down in most instances 
has been due to unprofitable working. 

TanKER Sratistics.—It has been estimated 


recently that the world’s tanker tonnage, after 
allowing for recent sinkings, is round about 





17,000,000-18,000,000 tons. The figures stand for 


Memoranda 


excluding bunker oil and supplies. Approximately 
70 per cent. of the total tanker tonnage is under 


three flags. Britain and the United States possess 
about 25 per cent. each, Norway 20 per cent., 


Panama and the Netherlands absorb about 10 per 
cent., Axis Powers, Italy, Japan and Germany have 
10 per cent., leaving the residual 10 per cent. 
covered by other nations. 


Miscellanea 


FEDERATION OF MANUFACTURERS OF CONTRAC- 
tors’ PLant.—It is announced that manufacturers 
of contractors’ plant have formed the Federation of 
Manufacturers of Contractors’ Plant for the purpose 
of representing their common interests in dealing 
with major problems arising from the war and in 
preparation for post-war condi ions. Information 
can be obtained from the Secretaries, Messrs. 
Binder, Hamlyn and Co., River Plate House, 12 and 
13, South Place, E.C.2. 


SPAIN As A SourcE OF [RoN.—Production figures 
for Spain’s output of iron and steel in 1940 are now 
available. They are the highest levels for ten 
years. Pig iron output was 600,000 tons, against 
457,000 tons in 1939 and 651,000 tons in 1930, the 
monthly figure improving steadily throughout the 
year. The output of steel was 751,000 tons, against 
636,000 tons in 1939 and 925,000 tons in 1930. In 
Viscaya pig iron output was 428,000 tons last year, 
against 315,000 tons in 1939, and steel output was 
485,000 tons, against 407,000 tons. 


U.S.A. Copper.—Supplementary figures relating 
to copper in the United States reveal some startling 
records. The smelter production of primary copper 
from domestic sources during 1940 amounted to 
1,818,167,516 lb., an increase of approximately 28 
percent. The value of smelter production increased 
approximately 39 per cent. in 1940, with an average 
price of copper delivered during the year at 11-3c. 
per pound, f.o.b. refinery. The total production of 
new refined copper in 1940 was 2,627,112,044 Ib., an 
increase of 608,000,000 Ib., or 30 per cent. over that 
in 1939. 


Tue Late Mr. C. J. SILvesTER.—We regret to 
have to record that Mr. Colin Joseph Silvester died 
on September 12th, at the age of seventy-six. He 
was the son of Mr. Frederick Silvester, of the Castle 
Hill Foundry, Newcasile, Staffordshire, and was 
educated at Denstone College. For a time he served 
at the Castle Hill Foundry and in 1893 went to 
India as chief draughtsman for the Government of 
India at Simla. He was engaged on the Indian 
State Railways until 1915, when he became Inspector 
of Munitions, Ordnance Department (India). He 
retired in 1920. 


British MACHINE Toot INDUSTRY AND AID FOR 
Russia.—At a meeting of the machine tool industry 
of Great Britain, which took place in London on 
Tuesday, October 28.h, Lord Beaverbrook, the 
Minister of Supply, explained to more thar 300 
representatives of the industry who attended the 
mee.ing his plans for aid to Russia, which he out- 
lined in a speech made in the House of Lords last 
week. Before he left the moe ing a resoluiion was 
proposed by Mr. G. S. Maginness, the Chairman of 
uhe Machine Tool Trades Association, in the follow. 
ing terms :—‘‘ This meeting of the machine tool 
industries, realising the dependence on them of our 
armaments effort, expresses determination not to 
spare themselves in their endeavours to employ 
their factories to the fullest possible extent.” 


HanpsBook oF Home-GROWN TIMBERS.—In 
response to numerous requests from booksellers 
and members of the public, the Forest Products 
Research Laboratory of the Department of Scientific 
and Industrial Research has just issued a third 
edition of the ‘“‘ Handbook of Home-grown Timbers.” 
This new edition includes a number of timbers, 
which, although generally neglected in peacetime, 
can be satisfactorily employed for various useful 
ses under war conditions. The whole of the 
text has been revised to include the results of recent 
research, and a new feature of the present edition is 
the information on the fire-resisting properties of 
most of the species, which it has now become possible 
to include as the result of extensive experimental 
work since the second edition was compiled. Home- 
grown timbers are now being employed in greater 
quantities and for very exacting purposes, and users 
are frequently at a loss to know how a particular 
species may best be utilised for some specified 
purpose for which imported timbers have been used 


Personal and Business 


British Furnaces, Ltd. 

THE Ministry oF SuppLy hes appointed Messrs. 
E. A. Chell and T. Makemson Joint Directors 
for Iron Castings, Iron end Steel Control. 

THE Boarp or TRADE announces the appointment 
of Mr. T. D. Morison as Deputy Factory Controller 
at the headquarters of the Control of Factory and 
Storage Premises. 

Masor R. A. B. Smrru has been re-elected Presi- 

dent of the Commercial Motor Users Association, 
and Messrs. G. Monro and J. S. Nicholl have been 
elected Vice-Presidents. 
Sir SAMUEL Osporn has been elected Chairman 
of the Applied Science Committee, Sheffield Uni- 
versity, in succession to the late Dr. J. Ward. Mr. 
P. B. Brown has been elected Vice-Chairman. 








Forthcoming Engagements 


Secretaries of Institutions, Societies, dc., desirous ef 
having notices of meetings inserted in this column, are 
requested to note that in order to make sure of tts insertion 
the necessary information should reach this office on or 
before the morning of the Monday of the week preceding 
the meetings. In all cases the Time and PLACE at which 
the meeting is to be held should be clearly stated. 








Bradford Engineering Society 
Mor@ay, Nov. 10th.—Technical College, Bradford, 
“Theory and Practice in Strength of Materials,” 
J.G. Jagger. 7.15 p.m. 
British Association of Refrigeration 
Thursday, Nov. 6th.—Institution of Mechanical Engi- 
neers, Storey’s Gate, Westminster, 8.W.1. Presi- 
dential Address, 8. F. Dorey. 3 p.m. 
Institute of Transport 
Saturday, Nov. 8th.— METROPOLITAN GRADUATES. Insti- 
tution of Electrical Engineers, Savoy Place, Victoria 


Embankment, W.C.2. ‘Basic Principles of 
Schedules for Road Passenger Transport,” H. F. C. 
Adcock. 2.15 p.m. 
Institution of Chemical Engineers 
Tuesday, Nov. 1\th.—Geological Society’s Rooms, 
Burlington House, Piccadilly, W.1. ‘* Condensa- 
tion of Water Vapour from Air,’’ M. Hirsch. 


2.30 p.m. 
Institution of Civil Engineers 

Tuesday, Nov. 4th.—Great George Street, Westminster, 
8.W.1. Presidential Address, C. E. Inglis. 2 p.m. 
Saturday, Nov. 8th.—N.W. Assoc.: Engineers’ Club, 

Albert Square, Manchester. ‘‘ Road Experiments 
on the Design of Thin Bitumi ings,"’ R. 
Slater. 2.30 p.m. 

Institution of Electrical Engineers 

Sunday, Nov. 2nd.—N. Miptanp StupENTs. Visit to 
Ackton Hall Colliery, Featherstone, near Ponte- 


g. 
Sur 





fract. 10.30 a.m. 
Monday, Nov. 3rd.—S. MipLanp CENTRE. James Watt 
Institute, Great Charles Street, Birmingham. 


**Space Heating by Means of Electrically Warmed 
Floors, as Applied to Surface Type Air Raid 
Shelters,’’ R. Grierson. 6 p.m. 

Wednesday, Nov. 5th.—S. MIDLAND StupENts. James 
Watt Institute, Great Charles Street, Birmingham. 
Problems evening. 6.30 p.m. 


Monday, Nov. 10th.—N.E. Centre. Neville Hall, 
Westgate Road, Newcastle-upon-Tyne. ‘‘ Metal 
Rectifiers,’ A. L. Williams and L. E. Thompson. 
6.15 p.m. 


Junior Institution of Engineers 
Saturday, Nov. 8th.—39, Victoria Street, 8.W.1. 
and Mill Gearing,’ R. Wailes. 2.30 p.m. 
Saturday, Nov. 15th.—39, Victoria Street, 
Annual general meeting. 2.30 p.m. 

Keighley Association of Engineers 
To-day, Oct. @let.—Victoria Hotel, Keighley. “A 
Breakdown and the Technicians Who Made Possible 
the Repair,” J. Prentice. 8 p.m. 


Manchester Association of Engineers 


Saturday, Nov. lst.—Reynolds Hall, Coon of Tech- 
nology, Manchester. ‘‘The Water Grid,’ A. E. L. 


** Mills 
S.W.1. 


Chorlton. 2.30 p.m. 
Newcomen Society 
Wednesday, Nov. 12th.—Institution of Mechanical 


Engineers, Storey’s Gate, S.W.1. Annual general 
meeting. ‘‘The Beginnings of the Society,” A. 
Titley; Presidential Address, C. E, Davies; 
‘* Suffolk Windmills,” R. Wailes. 2.30 p.m. 
North-East Coast Institution of Engineers and 
Shipbuilders 

To-day, Oct. 3lst.—Mining Institute, Newcastle-upon- 
T me. “Merchant Sea Power, 1919-1939,” Sir 


estcott S. Abell. 6 p.m. 

Saturday, Nov. 8th.—Stupent Section. Bolbeec Hall, 
Newcastle-upon-Tyne. ‘‘The Elements of Aero- 
dynamics and Some Points of Contact with Naval 
Architecture,” F. H. Todd. 2.30 p.m. 


Royal Society of Arts 
Wednesday, Nov. 5th—John Adam Street, Adelphi, 








in the past. The Handbook cannot fail to be of 





deadweight tons, which, where tankers are con- 
cerned, means actual cargo carrying capacity, 


great value as a reliable guide in such circumstances. 


W.C.2. ‘Co-operation for Production,” Sir E 
Crowe. 1.45 p.m. 


Mr. P. Hopkinson has been elected a director of 











